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d expectations of Opera- 
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e aeronautical standpoint. 
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u> Financial Editor’s annual 
rvey — with its reference- 
ork table of annual report 
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lanufacturing companies. 


GETTING RID OF STATIC 

w techniques for keeping 
:dios interference-free when 
ey’re most needed are re- 
ealed in our Aviation Elec- 
oi i:s section. 


Anywhere, at any time, in almost any weather, the versatile 
Sikorsky S-51 helicopter carries passengers, on business or 
pleasure, swiftly and directly to their destination. 

Leading the way into this newest and most exciting means of 
transportation, Sikorsky helicopters are now available for a wide 
range of passenger-carrying opportunities. Travel for executives, 
maintenance crews, medical or first-aid workers; or use for 
charter, bus, taxi or personal service — these are just a few 
among the many uses of the Sikorsky S-51 . 
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is tiny b/ade makes 'em GO 


T HIS is a blade from a Thompson Turbine 
v\ heel for a jet propulsion engine. 

In action, it whirls at 12,000 to 14,000 r.p.m., in a 
blazing inferno of heat. It must possess great strength 
from base to paper-thin tip to withstand centrifugal 
strains as high as 30,000 pounds per square inch. 

Extraordinary properties must be imparted to a 
metal which will stand such high stresses while 
heated up to temperatures around 2,000 degrees. It 
must be fine-grained and machineable to high pre- 
cision contours. 

Thompson metallurgical and engineering know- 
how solved the problems of forging and machining 
these new super-metals into vanes, blades and buck- 
ets of amazing strength and heat resistance. 

Tompson <Tf3 Products, Inc. 

CLEVELAND, OHIO 


We are entering an Age of Vanes and Blades 

The jct-engincd' Lockheed "Shooting Scar" which flew 

the Ryan "Fireball", first plane to combine jet and 
conventional reciprocating power; 
the XP-81. equipped with both jet propulsion and a gas 
turbine driven propeller. It can climb straight up at a 
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The new all-metal Cessnas — with their 
four and one-half hour cruising range 
and super-comfortable cabin appoint- 
ments invite cross country enthusiasts. 
The allure is made complete by the 
featuring of famous Kollsman Scout 
flight instruments as standard. For it is 
the accuracy and dependability of such 
instruments that makes cross country 
flying practical and enjoyable. 


The new Cessnas are equipped with an 
indirectly lighted, shock-mounted in- 
strument panel bearing the Scout air- 
speed indicator and Scout standard 
altimeter as standard equipment and 
with the Scout sensitive altimeter and 
Scout vertical speed indicator optional. 
The latter two, as well as a turn and 
bank indicator, can be added to the 
basic group at any time. 


Scout instruments are getting more 
than one post-war plane off to a good 
start. They are precise and rugged, yet 
are priced within the reach of any pri- 
vate plane owner who wants to get the 
mosc out of his plane. 

Write today for complete information 
on these instruments to Kollsman In- 
strument Division, Square D Company, 
80-08 45th Avenue, Elmhurst, N. Y. 


KOLLSMAN AIRCRAFT INSTRUMENTS 

PRODUCT Of 




SQUARE □ COMPANY 
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These Continentol Refine- 
ments Mean Greater Power, 
Economy and Dependabil- 
ity, as well as Longer Life: 

• Increased cooling fin area on 

cylinder heads and barrels, 
e Enlarged supercharger 
impeller and re-designed 
supercharger entrance and 
diffuser passages. 

• Complete force-feed lubrica- 

tion to valve gear. 

• Propeller reduction gear (on 

SR-9A model). 

• Crankshaft has been re-de- 

signed and is nitrided. 

• New pressure-type (injector) 

carburetor. 

• New "Silver grid" crankpin 

bearings. 

• Improved generator drive. 

• Flexible engine mounting 

• Enlarged oil passages to 

crankshaft. 

• Oil pump completely re-de- 

signed for greater capacity. 

• Ail main castings re-designed 

for higher loading. 


The New Continental 
GR-9A 

9-cylinder Radial Engine 
for Feeder-line and 
Executive Type Aircraft 


Continental Motors Cor poration 

DETROIT AND MUSKEGON. MICHIGAN 


SKYPOWER FOR THE AGE OF AIR 
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IN THE NEW WESTINGHOUSE 

JET ENGINE RESEARCH LABORATORY 



Thi« laboratory hos been designed by 
Westinghouse to explore the new frontiers 
revealed in the development of the first 
All-American turbojet engine. As new devel- 
opments unfold within the waits of this three 
million dollar laboratory — developments in 
metals, fuels, methods and the approach to 
supersonic and allied problems — they will 
be reflected in higher efficiency units in the 
Westinghouse line of turbojet engines. 
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500. ..COMING UP! 
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THE GEAR DESIGNER SAID: 


“I choose alloys like I chose my wife . . . 

because a lifetime is a lone time! ” 
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STAINLESS STEEL 
MILLING 

made easy on a 

KEARNEY & TRECKER CSM 


CSM Milling Machines were designed to ob- 
tain the greatest benefits from modern cutting 
tools, and are now part of our line of standard 
models. The design has been stabilized after 
complete analysis of industry’s problems of 
milling with carbide cutters. 

Because they are knee type machines, they are 
readily adaptable to a great variety of work. 
They are precision built in accordance with 
long established Kearney & Trecker standards 
and will cut metals faster and to finer toler- 
ances and superior finishes than ever before 
— with high speed steel cutters as well as 
carbide cutters. 

CSM machines are available in 20, 30 or 50 H.P. 
models in both plain and vertical knee types. 



Write for complete dole on 
— CATALOG CSM-20. 
your business connection. 


- CSM machines 
Please indicate 



KEARNEY & TRECKER CORPORATION 


MILWAUKEE 14, WISCONSIN 


'Be n&Gxhf. jj(Vi t&ftawiaui with CSM S " 




When you are UP — 

LYCOMING won’t let you DOWN! 



It’s a plane fact... nowhere is reliability more vital than in an avia- 
tion engine. Lycoming’s engineering experience, 
plus years of flight usage, is your assurance of 
dependability. Lycoming excels in design charac- 
teristics — rugged bearing construction, favorable 
horsepower-weight ratios, automotive type starter 
and generator mounted on the side of the engine, 
and other features. But Lycoming design never 
_ __ __ — — _ _ _ — ^ compromises Lycoming reliability. Reliability 

alone dictates. 


AIRCRAFT 

ENGINES 


For safe, sure flying, insist that your plane is 
Powered by Lycoming. 


Lycoming Division— 

The Avialion Corporation, 
Department B-3, 
Williamsport, Pennsylvania 


Please send me free booklet on Lycoming Engines. I am particularly 
Name Occupation 


Addr 
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A sensational 


non-stop flight record in 
which AC engineering 
had a part 

Q The Army Air Forces, Lockheed, 
and General Electric worked a 
great triumph in the cross-country 
flight of the jet-propelled P-80’s 
which broke all records on Jan- 
uary 26 from Long Beach, Cali- 
fornia, to La Guardia Field, New 
York. Again America proved its 
supremacy in the air, and all the 
world acclaims. 

AC jet engine ceramic aircraft spark plugs were 
furnished, on request, for all three record-break- 
ing P-80’s. 

Thus, another record is added to the list of out- 
standing aviation accomplishments in which AC 
Spark Plugs have shared. From the flights of the 
"Lone Eagle," Maitland, Byrd, Acosta; to the 
recent records of The Constellation, the C-97 
and these P-80's; the AC name is linked with 
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Gone is that "bass drum" pounding— and 
in its place comes comfortable, quiet Hying 
—when noise levels are effectively and econom- 
ically reduced with Glidair Sound Deadener. 
Manufacturers report that this amazing mate- 
rial saves 50% to 75% of their sound insulating 
costs — and reduces weight at the same time! 
Plane owners enthusiastically welcome the im- 
mediately noticeable decrease in flight noises. 
Glidair Sound Deadener is a fibre-filled, resin 


type material which is applied by trowel or 
large-nozzle spray gun. Adhesion is excellent- 
even to hare metal. The coating air dries to han- 
dle in 4 to 6 hours and dries hard overnight. 
The non-sticky finish may be covered with dope, 
lacquer or synthetic enamels without bleeding. 
Dealers and operators can obtain Glidair Sound 
Deadener from their nearest Glidair Distributor 
listed below. Manufacturers should contact 
Glidden Aviation Sales Headquarters. 


THE GLIDDEN 

Aviation Sales Headquarters • 11001 M 

GLIDAIR AIRCRAFT PRO 

BUD 

COMPANY 

idison Avenue • Cleveland 2, Ohio 

)UCTS Distributed by 

OUTHWEST AIRMOTIVE COMPANY love field, Dellas, leeot 

. W. WIGGINS AIRWAYS, INC. Metropolitan Airport, Norwood, Mois. 
MERKAN AVIATION COMPANY Now Rr.pbloo. Mine. 

IIGHY, INC.. . Moon, pot Airport, Cleveloed. Okie 

UIIAIO AERONAUtICAl CORP AoRolo Airport, loialo. N ». 

S^t.t.ON, .NO :."c 

1 A IUUER Ambler. Pa. 

GLIDAIR FLYING COLORS 

/Hack bf Glidden /§« tma/ei mTalnZ 
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Check These Against Your Present Needs 


Semi-Automatic Hydraulic Spline and Gear Grinder • Optical Master 
Inspection Dividing Head • Involute Checker • Angle Tangent to Radius 
Dresser • Index Plates • Precision Vises • Sine Bars • Straight-side 
Spline, Serration Spline, Involute Spline and Helical Spline Plug and 
Ring Gages • Thread Plugs, Rings and Setting Plug Gages • Spur and 
Helical Master Gears • Munition Gages • Propeller Shaft and Hub 
Gages • Built-up and Special Gages • Gear Roller Inspection Fixtures 
• Indexing Fixtures • Hydraulic Power Control, Utilization and Distribution 
Units • Engineering, Design and Development • Precision Production Parts. 
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VINCO I 


BECAUSE THEY WERE STUMPED BY A REAL 


"TOUGHY 


I a large ec. 
acquainted w 


t manufacturer, 
Vinco methods 


Their request was not an ordinary one however! We were asked to produce, in quantity, 
mating toothed parts with 18 slots, each slot .017" in width with a tolerance of .0003" and a root 
diameter held to a uniformity of .0001 ". 

These parts were produced exactly as specified and were delivered on time and in quantities 
over and above specified requirements. We cite this one instance only because it is informative. 
Our long experience in the production of precision instruments and finely finished gages has 
given us a decided edge on precision production methods and techniques. Equipment and machines 
of our own design and make, in the capable hands of highly skilled operators, an engineering 
force thoroughly grounded in every phase of precision design and construction and a sales organi- 
zation made up of men who combine a full engineering background with a wide and intimate 
knowledge of the trends and developments in the industrial field are all valid reasons for a further 
inquiry regarding this important phase of modern production. 

Precision parts by Vinco meet your specifications. Give us the chance to prove it. 
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New "IN PLANT GEARING” 
To Step-Up Production 

Remarkable production increases can often be 
obtained by the application of special gearing to 
"SPEED-UP” plant output. Here at Western Gear 
and Pacific Gear & Tool, we have available now, a 
pool of designing talent and engineering skill that 
goes far beyond the making of gears. We are pre- 
pared to apply this talent and skill to' your problems 
of production or product design. The time to call us 
is when you are planning plant improvements, 
changes or new products. . . . Call, wire or write our 
nearest office for immediate engineering counsel. 
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THIS 


BOND 


gives EXTRA STAMIHA 


TO G-E AIRCRAFT GENERATORS 



GENERAL 0 ELECTRIC 
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Leadinq Travel Aqents Say- TIME READERS 
ARE MY BEST PROSPECTS FOR AIR TRAVEL" 



-TWA M 


And straight across the 
country, leading travel agents 
agree with A.S.T.A. President 
Paulsen that TIME readers are 
their best clients — and 
the airlines' best, steadiest 
customers. 


They have to be: more thon half a million TIME- reading businessmen 
ore executives, department heads, proprietors or partners who fly fot 
the same reason they read TIME— to save time. Almost 400,000 say they 

They want to be: a recent survey shows that the 3,000,000 readers 


And they can afford to be: you reach 1,300,000 families w 


The Traveler who Reads/ F/M£/ Files 


ts/lXMEj/fi, 
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How to zip an airplane's windpipe 


fpORNADOES of air are sucked in, 
rammed through, and rocketed out 
behind four huge propjer engines of 
the new XF-12, military prototype of 
the Republic "Rainbow" Transport. All 
this air roars through long, winding 
ducts . . . and these "windpipes" used 
to be problem children. 

Ducts had to be made in sections. 
Sections had to have tight joints be- 
cause air goes through under heavy 
pressure. Yet the joints must be easily 
disconnected and re-sealed to permit 
frequent removal and replacement of 
duct sections. And that was a puzzler. 

A new type of B. F. Goodrich Zipper 
supplied the answer. Not the ordinary 
kind, but one that's made with a pre- 


cision-molded rubber seal that opens 
and closes with the zipper. A unique 
arrangement of overlapping rubber lips 
provides an effective seal for pressures 
up to the structural strength of the 
zipper itself. 

These Pressure-Sealing Zippers make 
duct scaling an amazingly simple oper- 
ation as shown in the 1-2-3 sequence 
above. Note that the molded lips go 
all the way around, to give 100 ® effec- 
tive seal. This feature works equally 


well on kidney-shaped ducts or other 
odd shapes where clamps will not work. 
The zipper is a space-saver, too. It re- 
quires no cumbersome end connections 
and occupies no more space than an 
ordinary zipper. 

Today there are many important and 
interesting aeronautical applications for 
B. F. Goodrich Pressure Sealing Zip- 
pers. Get mote complete facts by writ- 
ing to The B. F. Goodrich Company, 
Aeronautical Division, Akron, Ohio. 


B.E Goodrich 

FIRST IN RUBBER 
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Increased Ignition Service Life 
New Operating Economies 


j All Wright-powered DC-3's and Stratoliners of TWA- 
9C / Trans World Airline are now being equipped with 
Unimold Ignition Harnesses by Titeflex. Always alert 
/ for new developments to increase operating efficiency, 

TWA maintenance officials conducted exhaustive flight 
tests with Unimold Leads which conclusively proved 
that maintenance economies are effected by using 
Unimold detachable lead ignition assemblies. 

In TWA flight tests not one electrical failure developed 
in any of the ten lead sets tested. When all planes are 
Unimold equipped a large decrease in flight delays 
previously caused by ignition difficulties is anticipated. 

In Unimold ignition leads the conductor and end ter- 
minals are molded in one complete unit — preventing . 

moisture and gas penetration — minimizing "corona" 
and "flash-over". Added to economy and service life — 2 

superior radio shielding qualities of Unimold assem- 
blies explain why so many commercial aircraft are being 
equipped with Unimolds. For further information on 
molded ignition assemblies by Titeflex, write us on your 
company stationery. 


Titefley 



Titeflex, Inc., 510 Frelinghuysen Avenue, Newark 5, New Jersey 
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from 1942 to 1945 
two -thirds of all the bombs 
dropped by Bomber Comma 
were dropped by 


A V R 0 LANCASTERS 
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Elimination of many parts used 
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Typicol Acceleration-Time record of drop test of Firestone 
SuperFlex landing gear with 18" free foil ond 750 lb. 
load. Note excellent recoil secured /t 
without the use of hydraulic fluids. J \ 


esigned, 

I- developed and perfected a new type of 
main and auxiliary landing gear which 
combines simplicity, high performance, 
light weight and low cost. The new 

of a vertical tube with the upper end 
attached to the aircraft structure and the 
lower end containing a controlled rubber 
spring absorption unit which is connected 
to the wheels through a simplified linkage. 
The landing load is absorbed by rubber 
displacement and air compression result- 
ing from the upward movement of the 
wheel. Recoil is positively controlled by 
the use of friction material. 

The Firestone SuperFlex landing gears 
were especially designed for personal 
aircraft with maximum gross weights 
within 3,000 pounds. 

Simplification of design, made possible 
by years of experience as a supplier to 
high production industries, utiliccs stamp- 
ings and eliminates highly machined 
surfaces with “expensive” close tolerances. 


conventional landing gears permits a 
welcome reduction in weight. 

Low oscillation rate control and damp- 
ing characteristics provide excellent 
taxiing qualities. 

There is no possibility of the landing 
gear sticking. Extension is positive and 

o oil 

Minimum overall section width and 
height make the Firestone SuperFlex 
landing gear ideal for retraction and 
permit lower center of gravity. 

Clean, compact design assures low drag 
in extended position. 

Maintenance costs are remarkably low 
— service in less than one-year intervals 
is unnecessary, and the entire unit 
replacement of tire, wheel, brake and 
absorption unit is easily and quickly 
accomplished by the removal of a few 
bolts and nuts. 

Here is the revolutionary landing gear 
for your new design of aircraft. The new 
Firestone SuperFlex landing gear sets 
entirely new standards of safety, economy 
and reliability. Ask about it today. - 


VIATXON, June, 1946 
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Congress lias acted — and along these lines — since this editorial written. If the President signs the legislation, we 

have taken one step forward. If he vetoes it, the voters must resolve a conflict between two branches of their government. 

THE LABOR CRISIS 

—it’s up to Congress 


I t has remained for John L. Lewis to demon- 
strate conclusively that, under the sponsorship 
of the federal government, the power of organ- 
ized labor has been built up to a point where it can 
be used to paralyze the economic life of the nation. 
Therefore, in the elemental interest of self-preserva- 
tion, the first order of the day is to cut down the 
power of organized labor to a point where irre- 
sponsible leaders no longer have the power to use 
it to cut down the country. 

This will prove an exceedingly complicated job. 
The federal government, over a dozen years, has 
developed and buttressed the power of organized 
labor by many separate steps. They are interlaced 
in a pattern which cannot easily be unravelled. 

Cutting down the power of organized labor to 
proper proportions will be an operation almost as 
delicate as brain surgery. To be successful it must 
impair no basic American political or economic 
right. It must leave intact the right of workers to 
organize and bargain collectively through represen- 
tatives of their own choosing. It must leave intact 
the right to strike. But it must disassociate from 
the exercise of these rights opportunities for devas- 
tating abuse of the public welfare such as those 
demonstrated by Mr. Lewis. A meat axe is not the 
instrument for this operation. 

Because of the complexity and delicacy of the 
operation to be performed it would be helpful if 
it could be carried out in a tranquil atmosphere. 
The urgency of the problem is such, however, that 
no time can be lost in getting at it. 

Guiding Principles 

However, the dangers that haste or heat will lead 
to serious blunders can be largely eliminated if 
the process of bringing the power of organized labor 
back within safe and reasonable bounds is governed 
by principles to which all fair minded people can 
fully subscribe. 

The most important of these principles is that it 
is an abuse of public authority to extend special 
privileges to organized labor. 

When in 1935 Congress passed the Wagner Labor 
Relations Act, one of the great buttresses of the 
power of organized labor, it was upon the explicit 
theory that organized labor was weak and needed 
coddling by the federal government if it were to 
survive, let alone grow big and strong. In the policy 


section of that act it was stated that “the inequality 
of bargaining power between employees who do not 
possess full freedom of association or actual liberty 
of contract, and employers who are organized in 
the corporate or other forms of ownership associa- 
tion substantially burdens and affects the flow of 
commerce ...” 

Regardless of whether or not that was a correct 
reflection of the situation in 1935, it bears no rela- 
tion to the situation today. Under the continuous 
sponsorship of the federal government, the power 
and bulk of organized labor has waxed until today 
it is preposterous to regard it as the weak sister 
in its bargaining with employers. If, after being 
continuously demonstrated since V-J Day, the prop- 
osition that the pendulum of organized power has 
swung too far over on the side of organized labor 
needed any final and clinching demonstration, John 
L. Lewis provided it. 

Changes in the Law 

Translation of the principle that organized labor 
is no longer a weakling, requiring a diet of special 
privileges, into specific legislative enactments is a 
detailed technical operation beyond the scope of 
this statement. It is possible, however, to indicate 
some of the general lines it should follow. Here 

1. The duty to bargain collectively, now imposed 
upon employers by the Wagner Act, should also 
be imposed upon the leaders of organized labor 
who are now under no legal compulsion to bargain. 

For well over a month Mr. Lewis made a 
complete mockery of the process of collective 
bargaining by refusing even to state his demands 
until the coal operators had approved “in prin- 
ciple” a plan for a miners’ “health and welfare” 
fund which he fancied. In the meantime the 
country was plunged into an ever deepening 

2. Unions, as well as employers, should be made 
liable to suit for damages for breaking their collec- 
tive bargaining agreements. 

A degree of responsibility commensurate with 
their age and power requires that unions be 
liable, to the extent of union funds but not the 
funds of individual members, for carrying out 
their agreements. To have it otherwise is to hold 
that a collective bargaining agreement is, by defi- 


nition, a phoney agreement so far as the union 
is concerned. Outlaw strikes are the fruit of this 
lop-sided arrangement. 

3. Employers should be given more discretion, 
in reinstating employees who have gone on strike 
than is now permitted by the Wagner Act. 

The Wagner Act largely eliminates the risks 
involved in striking because of the requirements 
it imposes upon employers to take workers hack 
when they have decided to return to work. 
These requirements make it virtually impossible 
for the employer to replace workers even if they 
are engaged in the most unjustifiable of strikes. 
At the least workers who have smashed up prop- 
erty and stirred up violence in the course of 
a strike should have no rights under the Wagner 
Act. How much further the Wagner Act strait- 
jacket should be loosened at this point should 
be carefully explored, and excesses encouraged 
by the Act should be removed. 

4. The wedge which the National Labor Relations 
Board has driven into the orderly conduct of Amer- 
ican industry by holding that foremen are covered 
by the Wagner Act should be eliminated. 

The issue involved here is continuously mis- 
labelled and confused as that of the right of 
foremen to organize. There is no question of 
the right of foremen to organize any kind of a 
legal organization they desire. That is their right 
as American citizens. The issue is whether or 
not the special privileges accorded by the 
Wagner Act, which in some circumstances has 
been so construed as even to prevent employers 
from talking with their workers, should be ex- 
tended to foremen who, if American industry is 
to have a chance to do its duty effectively, must 
represent management with full loyalty and 
responsibility. 

A member of John L. Lewis’ United Mine 
Workers takes an oath which provides, in part, 
“that I will not reveal to any employer or boss 
the name of anyone a member of our union” 
and will “defend on all occasions and to the 
extent of my ability the members of our orga- 
nization.” Mr. Lewis insists that the coal opera- 
tors contract to deal with foremen to be organ- 
ized in a union where they will take that oath, 
and where their activities will be separated from 
the influence of employers by the barriers im- 
posed by the Wagner Act. Such an arrangement 
undercuts orderly management of American 
industry. 

5. The exemption of labor unions from the fed- 
eral anti-trust laws, provided when organized labor 
was presumed to be weak, should be modified to 
take account of its vastly increased strength, and 


the use of this strength to destroy business enter- 
prise and create monopoly. 

As matters stand unions can run employers 
completely out of business by secondary boy- 
cotts and run fellow workers out of jobs in the 
process. An Ohio manufacturer, working with 
a government-certified C. I. O. union, is put out 
of business because A. F. of L. workers refuse 
to handle his products. Still the government, 
this time in the person of the United States 
Supreme Court, says that actions of this sort 
are above the law because Congress exempted 
unions from the federal anti-trust laws. 

To eliminate one of the most devastating forms 
of restraint of trade, this exemption should be 
cut down forthwith by subjecting unions impos- 
ing secondary boycotts to the same penalties 
under the federal anti-trust laws as those to 
which employers doing the same thing are sub- 
jected. And the question of further narrowing 
the obsolete exemption of unions from the fed- 
eral anti-trust laws should be fully explored. 

6. The levying of special sales taxes for the exclu- 
sive benefit of unions should be prohibited by law. 

As a matter of good government the right to 
levy consumption taxes should be reserved to 
the public authorities and used strictly for public 
purposes. As a matter of good economics, pay- 
ments to workers or their organizations should 
be included in the payroll where they can be 
properly counted as part of the cost of pro- 
duction. 

Equality Before the Law 

When everything that can conceivably be accom- 
plished by legislation has been accomplished there 
is no reason to believe that an ideal or even a surely 
workable system of industrial relations will have 
been devised. Many of the mainsprings of such a 
system lie deep in the hearts of men and far be- 
yond the reach of legislation. There is no chance, 
however, of having such a system, or even a defen- 
sible system of democratic government until special 
privileges which tip the scales of power far on the 
side of organized labor are withdrawn and there is 
some measure of equality for employers and organ- 
ized labor before the law. Though it is hard to 
believe it at the moment the country may come to 
be grateful to John L. Lewis for driving that lesson 
home so ruthlessly. 
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Here's an "Or Else'' 

For the Lightplane Business 


D uring 1946 about 20,000 Americans will buy personal 
planes. Many of them will become pilots— a nevy ex- 
perience. A certain percentage will be disappointed 
in Hying; their craft will be offered for sale, and probably 
resold later. Yet, there will be many thousands whose orders 
cannot be filled until next year. And 1947 should be even 
better, unless economic conditions prevent. The new Federal 
Airport legislation will contribute to the personal flying 
activity. But where do we go from there? 

It is all well and good for the manufacturers, salesmen, 
fixed base operators, and others who will profit, to rub their 
hands vigorously and think, “This is the boom we have been 
waiting for.” And it is. But one may ask, “Just what are 
you fellows doing to keep this business going after the 
first buying wave has receded?” Here are a few thoughts 

Manufacturers must not shirk industrial management's 
traditional responsibility — to give the consumer even more 
for his dollar. This is the fundamental secret of success in 
any business. And airplane making is no different from any- 
thing else. This responsibility is vested not only in the 
builder of aircraft. Every maker of parts or equipment 
must share it 

In our May issue we told the story of a manufacturer who 

basic engineering and simplified design, and there he accom- 
plished part of his aim. He bought an engine company of 
his own, and that helped some more. He whittled down 
prices relentlessly for every part and piece of material that 

he opened his shop to his competitors and told them freely 

Maybe you don’t agree with this man but it might be wise 
to follow his example, because the customers like his product 
and his price — and that’s all that counts. 

0 project’s price competition reported he was happy about 
losing the business. He said it was a good test for him and 
that he was going back to research in order to design a prod- 
uct that would undersell his competitors. This is the spirit 
which has made American industry great. It is highly encour- 
aging to find it in the aviation business. 

Aviation has become a real business. The days of fat 
markup for commercial products, because they are stamped 
“aviation,” are numbered. Someone is going to get cost 
down for aviation produets. And it would be far better 
for the experienced old timers to do the job than for new- 
comers to take the business away from them. 

In recent weeks, reports from new plane owners indicate 


that some manufacturers a e c\ gg at n„ e glit allowances 
for their craft. This practice, reminiscent of the late '20s 
constitutes the worst possible business practice. It is true 
that many well-designed aircraft will safely carry more than 
their certified load, but it is inexcusable for manufacturers 
to allow their planes to be sold on such a basis, even if an 
increased allowance is confidently expected. Nothing could 
do the industry more harm. It is the responsibility of the in- 
dividual manufacturer and the Personal Aircraft Council to 
cheek this practice before it becomes widespread. 

T he aircraet distributor and the airport operator also 
have a broader responsibility to the customer tliuii is 

ownership. Hangar rental is the big fixed item of expense 
for the owner. The large hangar with its high, elaborate roof 
structure is an excellent place for maintenance work but 
uneconomical for aircraft storage. In spite of present high 

able basis of amortization. It is a good idea to build a few 
blocks of them now, maintain a reasonable rental in keeping 
with the present demand, and be prepared to reduce these 
rates later when demand levels off. There arc many other 
ways in which increased operating efficiency can be passed on 
to the customer, and reduced flying cost will enable more 
people to own planes. 

Another frequently unrecognized responsibility of the 
operator is to help make flying more interesting. All past 
experience shows that interest in plane ownership begins to 
lag after a season or so of hopping in and out of the home 
airport. Cross-country flying must be encouraged and stimu- 
lated, and this can be done with little effort on the part of 
the operator. Seek out some gregarious customer with suffi- 
cient leisure to organize tours and breakfast flights, and show 
him how to have this fun. Others will follow, and thus new 
interest in flying is developed. 

These are but a few of the things that can be done to 
keep this business going. Many ideas will present them- 
selves to the alert and imaginative operator. When air- 
planes arc made economical and useful objects of recreational 
desires, personal flying will come into its own and the future 
of this fascinating field will be assured. 
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" CROSSROADS " CRITIQUE 


By HERB POWELL, Aliociate Editor, " Aviation " 

Examining both accepted and disputed fundamentals behind the immi- 
nent Atom Blast Four, this preview relates the whys and hows of the 
comprehensive test at Bikini — where aviation's leading role will be 
accented. 


F or greatest clarity in onr con- 
ception of Bikini, it’s best that we 
first carefully examine the record 
of the A-bomb to date — to obviate the 
many confusions which are hazing its 

To run our finger down the funda- 
mentals, let us specifically note that fast 
nuclear fission, and the apprehensive age 
it ushered in, is not even a year old. 
Yet, in this relatively short time, myriad 
problems have been posed and then 


pounded under an unparalleled flood of 
public concern, with minds the world 
over attempting to grasp the new sig- 
nificances. Heavy pressure of this at- 
tention is fogging the facts. 

Fundamental No. 1 is that we still 
know next to nothing about the A-bomb's 
key characteristics, and it certainly be- 
hooves ns to go about the business of 
noting and gaging them. There are those 
who wonld ban such tests as Operation 
Crossroads. But contrary to their con- 


tentions, full knowledge gained can 
actually aid us in following the human- 
itarian. rather than militaristic, path 
into the future. From now on, we will 
have to carry this Pandorntomic Box 
with us, and we’d better know precisely 
what’s inside it. Lack of such knowl- 
edge can only lead to false security. The 
ostrich has taught us that there is no 
sense in the premise that “what you 
don’t know won’t hurt you.” 

It could hardly be expected that com- 
prehensive information could be gath- 
ered in the course of the three previous 
A-bomb detonations. At Aliuagordo, 
in July 1945, there was not an iota of 
past experience for the scientists to go 
on. They were understandably chary 
in this initial approach. Moreover, 
neither theories nor apparatus of investi- 
gation had then been brought to satisfac- 
tory development. 

With Hiroshima and Nagasaki, in 
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August, there did come additional un- 
derstanding. Granted. But these blasts 
were under war conditions; requisite 
studies could not be mounted in the 
direct face of the enemy. 

Accordingly, the fourth blast — slated 
at Bikini Atoll next month — stands as 
the first opportunity in which essential 
implementation, instrumentation, per- 
sonnel, and timing are being arrayed to 
determine data sought. So, on our first 
fundamental, Bikini makes sense. 

Fundamental No. 2 is that A-bomb 
operations are distinctly of the air, not 
of the land or of the sea, even though 
experimental variations may be tried 
(such ns the plan lor detonating Blast 
Five from a barge, in Older to assure 
explosion at or just below water level). 
We find aircraft the key to A-bomb 
carriage today, with the Boeing B-29 
exemplifying the type of plane currently 
affording the capacity to handle these 
new destroyers. Hence, the basic role 
of aviation in the A-homb scheme is evi- 
dent. 

It would be begging the question to 
try to discount aviation at this point 
by theorizing that warships might have 
pumped these blasters into Japan with 
special guns. This wonld imply the use 
of a mneh-too-slow assault medium. 
Speed must go with speed. Besides, it 
is a fair assumption that various me- 
chanics of such a non-plane attack 
would be faulty. 

Tomorrow, true enough, special pro- 
jectiles hurtling for above the earth at 
supersonic speeds are visualized doing 
the carrying job. Yet even these mis- 
siles may well eome under the aviation 
definition, specifically so if they require 
some kind of wing (ling) design. 

In any event, however, we should steer 
clear of the ovor-the- boundary type of 
future-thinking. There’s an analogy in 
the unrealistic attempt to tic the “obso- 
lete” tag on the aircraft carrier. This 
kind of erroneous ranging might lead 
us astray with our aircraft- A-bomb 
team, a combine which we may logically 
figure will continue. 

Turning now to specific considerations 
of joint Army-Navy Task Force 1's 
fourth blast at Bikini, we find the target 
involving more than 70 surface vessels 
disposed in concentric fashion, with the 
Battleship Nevada at the hub. Next 
out from this aiming point will be ranged 
other major ships (battleships, cruisers, 
and carriers), such as the Nagato, Pensa- 
cola, Independence, Sakaica, Arkansas, 
New York, and Stilt Lake City. Some- 
what farther out come the Pennsylvania, 
Saratoga, and Prince Eugen. Then 
“filling in” at varying distances will be 
destroyers, submarines, attack trans- 
ports, landing craft, a floating drydock, 
and a barge. The pattern has been 


carefully planned to test effects in ratio 
to distance. Features of a typical 
anchorage, also of a task force at sea 
have been integrated in the layout. 

Carrying out the many different air 
missions will be some four score directly 
involved aircraft, along with a miseellany 
of others. Their types and operations 
will be detailed in later paragraphs. 
The bomb itself (stated to be the same 
type as that used at Nagasaki) is to be 
detonated in the air over the target fleet. 
In a later test (perhaps in August) a 
fifth blast is projected at the surface of 
the water. There are also plans — at this 
' writing seemingly only tentative — for an 
underwater blast test in 1947. 

At this point, we may call it Funda- 
mental No. 3 to evaluate all contro- 
versial angles. For one thing, the matter 
of the underwater blast has stirred up 
considerable contention on the part of 
scientists, who appear agreed that it is 
this test which promises to send the most 
destructive forces against naval vessels, 
because of the fact that, as compared to 
the air medium, the water medium will 
translate greater compression farther. 
Convinced that a strikingly higher 
violence would be set up by this under- 


water bomb, the savants see little relative 
significance in the fourth blast, and not 
much more in the fifth. They raise a 
sharp question at the seeming lack of 
definite plans for what they term the 
really meaningful sixth blast. 

A very harmful public reaction is 
feared — because the strongly built, 
water-cushioned vessels may well resist 
the forces of the fonrth and fifth detona- 
tions. Foreseen are heavy headlines 
reading, “A-Bomb Fails To Destroy 
Fleet” — leading the man-in-the-street to 
an extremely erroneous, “See. it isn’t 
what it’s cracked up to be.” Test lend- 
ers themselves bear out this unfortunate 
possibility, admitting that results will 
not be “so overwhelming or so unex- 
pected” as to solve prime questions of 
future Navy or Air Force needs, of 
obsolescence of surface ships, or of new 
tactics and strategies of bombing. 

This opens up two further questions: 
Since an A-bomb-heeled enemy would 
be expected to strike directly at onr 
major cities, rather than at our fleet, 
why not test the bomb against a city 
with occidental buildings “and really 
find out what we may be in for.” Here, 
( Turn to page 150) 
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CAN WE CATCH UP 
IN ROCKET RESEARCH? 


By E. J. TANGERMAN, McGraw-Hill Representative at While Sands Rochet Tests 

An eye-witness account of V-2 and "WAC Corporal" launchings points 
up need for continued research and development in guided missile 
program— especially important in view of atomic developments. 





Proving Ground. Its warhead replaced with a 
helps U.S. learn now what Germans started 


I T has BEKS' BUT u remarkably short 
time since a workaday reporter could 
have a terrifying day by going to 
Aberdeen Proving Grounds to watch the 
firing of a 16-in. gun. But then Ameri- 
can military science caught up with — 
and passed — Buck Kogcrs with the 
Bazooka. Super-Bazooka, Mousetrap, 
Minnie Mouse, Holy Moses, Tiny Tim, 
Xylophone, Calliope, Grand Slam, 
Woofns, Whiz Bang, Honeycomb and 
Snake; all innocent-sounding names for 
super-lethal rockets and rocket launchers. 

But the most spectacular rocket of all 
still is the Nazi V-2, which was demon- 
strated for some 40 newsmen, photo- 
graphers and movie cameramen — and 
again as many top military men — at 
White Sands Proving Ground, N. M., on 
May 10. 

Curiously enongh the rocket is not a 
new weapon, but a modernized one. The 
Chinese launched rockets against the 
Mongols in 1232; rockets were a terroriz- 
ing weapon in Europe 100 yr. later. 
Cannon outmoded them — until native 
Indian troops used them against the 
British toward the close of the 18th 
century, hollowing traditional military 
procedure, the British developed rockets 
of their own, and used them against 
Xapoleon and against Fort McHenry in 
Baltimore to help a certain poet named 
Key write the “Star Spangled Banner.” 
Only 32 yr. later— 100 yr. ago— the 
United States Army created its first 
rocket battery. We used pinning rock- 
ets against Mexico at Vera Cruz and in 
storming Chapnl tepee, then gave them 
up. The rise of the airplane in World 
War I suggested rockets again, but it 
was not until World War II that they 
came back — and with a vengeance. 

“Vengeance” was the word that gave 
the German A14 rocket its propaganda 
title “V-2”. It differs from military- 
predecessors in being liquid-fueled, and 


in being far larger. Our largest rocket, 
the WAC Corporal, is a foot in diameter, 
16 ft. long, and weighs 700 lb. at 
launching; the V-2 is 5 ft. in diameter, 
40 ft. long and weighs 28,000 lb. (Its 
powerplant was analyzed in detail in 
lost month's Aviation" — p. 03 — By Ray 
Healy, AAF rocket consultant.) 

As a weapon, the V-2 was of limited 
strategic significance — it was very costly 
considering its small payload, limited 
range and accuracy. But the develop- 
ment of the atomic bomb changes the 
picture; now development of accurate 
long-range missiles is of extreme im- 
portance. Literally, the sky is the limit, 
for the Ordnanco Dept, is building test 
equipment for rockets ten times ns big 
as the V-2 — a temptation for designers 
to devise them. And consider for a 
moment the production from only one 
German plant — the underground unit 
at Nordhausen — -which turned out 900 
V-2's per month. With atomic warheads, 
they'd have been vengeance weapons and 
uo mistake. 

The V-2 was no sudden development; 
it took 12 yr. by the best available 
German scientists and millions of dollars. 
We are now capitalizing on this work 
to obtain fundamental information which 
will help us develop better, longer-rangc 
missiles. To speed the job, we brought 
over parts for some 25 V-2’s and placed 
in “protective custody" a number of 
German scientists connected with guided- 
missile research for over ten yr. at 
Peeneinunde. These scientists are now 
working quietly at White Sands index- 
ing and translating captured documents 
(thank goodness, the methodical Ger- 
mans record everythin!/), identifying 
rocket material, assisting in assembling 
and firing V-2’s, and providing tech- 
nical information on rocket design. They 
have also assisted in training the detach- 
ments assigned for handling, firing and 
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tracking the rockets, and in setting up 
portions of the elaborate system of 
synchronized radio, radar, photographic 
and visual equipment used to observe 
and record the behavior of the rockets 
in flight. These scientists are under 
contract for a limited period, their 
nominal salaries going to their families 
in Germany. They are allowed no access 
to our own classified projects, and leave 
their designated area only with military- 
escort. Those I talked to were happy 
as clams with their giant toys, and 
wonld like to stay here. 

To assemble the V-2's, replace missing 
parts, repair damaged ones and provide 
fuels, General Electric has been em- 
ployed. This permits a variety of addi- 
tional test objectives, including testing 
of alternate components, use of radar in 
tracking and in countermeasures, de- 
veloping of instrumentation and study- 
ing of trajectories, upper-atmosphere 
physics and the like. 

To accomplish theso objectives, the 
warhead of the V-2, with its explosive 
filling, becomes a “peaeehead” filled with 
scientific paraphernalia for exploring 
the upper atmosphere and for evaluating 
the performance of the propulsive sys- 
tem and automatic controls of the rocket. 
The fuel supply used by the Nazis to fire 
rockets into London from launching 
areas more than 200 miles away on the 
continent, over a trajectory reaching a 
height of 60 miles, can, when the auto- 
matic controls are set properly, send 
them up to twice that height in a very 
nearly vertical trajectory- ending in a 
safe impact area within the Proving 
Ground. 

In current tests the height attained 
will be about 100 mi. The V-2 launched 
Slay 10 went 72 mi. (127,000 yd.) high 
and landed 39 mi. from the firing point. 
Fuel remaining when burning was 
terminated by remote control exploded 
on impact, gouging out a hole 20 ft. 
deep and 30 ft. across and burying the 
head in bard clay and gypsum sand. 
Actually, the 10 tons of fuel in a V-2 
has more energy content than its 1800- 
lb. warhead by many times, even the 
remainder frequently matching the war- 
head in power. Lateral error was only 
340 yds., or about 0.5%. 

As fired against London, about 14,000 
lb. of gas expelled at an average velocity 
of 6800 l'ps. gave about 10,000 lb. of 
rocket and unburned propellants a for- 
ward velocity of 4900 fps. when the fuel 
supply was cut off and burning ceased. 
This happened about 60 sec. after take- 
off when the rocket had travelled 25 mi. 
along its trajectory and was moving in 
a direction 47 deg. away from the verti- 
cal, ie., 43 deg. above the horizontal, 
at a point 17.5 mi. above the ground and 
15.5 mi. longitudinally from the launch- 


er. The normal trajectory started the 
fourth second, fuel was cut off at 67 sec. 
and 3,440 mph., 22 mi. from the launcher 
and 24 mi. in the air. Maximum eleva- 
tion of 50.8 mi. was reached at 176 sec. 
and 147 mi. and impact was at 306 sec. 
and 182 mi. This takes the V-2 through 
the troposphere (to 40,000 ft.), the 
stratosphere (40,000 to 270,000 ft.) and 
into the Heavy-side layer (270,000 to 
320,000 ft.) The May 10 shot went be- 
yond the ionosphere, establishing an 
American record of 360,000 ft. 

During the burning period, direction 
of the rocket is controlled by the action 
of four movable vanes on the fins and 
four graphite ones in the jet — the latter 
essential during the low-velocity start- 
ing period when the fin vanes have no 
aerodynamic effect. Vanes 1 and 3 in 
both groups are in tandem to control 
roll and yaw. Vanes 2 and 4 in the jet 
path control pitch, while fin vanes 2 
and 4 act as stabilizers. The 1 and 3 
vanes and stabilizers 2 and 4 (inde- 


pendently motored) are controlled by a 
gy-roscopc to maintain the axis of the 
rocket in the vertical plane through the 
launching and target points, thus keep- 
ing the rocket heading in the right 
direction. 

Jet vanes 2 and 4 are controlled by 
another gyroscope to produce and main- 
tain correct inclination of the trajectory- 
during the burning period. This second 
gyroscope is subject to the control of a 
third gyroscopic system, the real brains 
of the missile, which serves to maintain 
vertical travel to a height of about one 
mi., then to tilt the rocket slowly- away 
from the vertical until it travels on the 
desired course, thereafter to maintain 
this course nntil the velocity is correct 
for the range desired, and finally, to 
cut off the fuel supply at that velocity, 
thus ending propulsion. Fuel cut-off 
can also be accomplished by remote con- 
trol from the ground. After jet pro- 
pulsion has ceased, the rocket behaves 
(Turn to page 148) 
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Braces Industry in Readjustment 
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What Does It ACTUALLY Cost 
To Fly Your Plane? 


Carefully considering direct, fixed, and operation expenses — along 
with the highly relevant depreciation factors — the author demon- 
strates that in any forthright calculation the upkeep outweighs initial 
cost, while hours flown afford an outstanding criterion. 


By CHARLES A. PARKER. 

Flight Service Division, Robinson Avialion, lnc„ Teterboro Air Terminal, Telerboro, N. J. 


I K A commercial aircraft operation, 
knowledge of costs is essential in 
order to establish a yardstick by 
which the operator can determine the 
adequacy of his rates. In the past, many 
operators have failed to make correct 
estimates of their costs of operation; 
they have frequently established rates 
in accordance with what the other fellow 
has charged, or upon some arbitrary 
figure, rather than through use of their 
own particular factors. 

While such procedure may “work out,” 
the truly progressive operator will build 
better business by employing h more 
concrete basis upon which to predicate 
his charges. The operator who handles 


aircraft sale* 
subject because he in' 
from prospects relating to cost of owner- 
ship by quoting data that are complete 
and authentic. In the operation of air- 
craft, the cost problem is similar to that 
encountered in the use of any other ma- 
chine, in that total cost of operation per 


There are certain costs continuing 
even when the airplane is idle. These 
may be called “fixed expenses” because 
they remain constant over a considerable 
period. They con be considered as over- 
head when the machine is privately 

encompass the overhead which is en- 



Whelher you own o rebuilt Army trainer or a nevr airplane, you still should know what it costs 
you per hour to Hy your own airplane, (photo by Clarity) 


countered when the airplane is operated 
commercially, for then other items must 
also be considered. 

Costs incurred when an airplane is 
flown may be considered “direct operat- 
ing expenses,” and their total will vary 
directly with the number of hours flown. 

Total costs of aircraft operation are 
thus the sum of fixed and direct operat- 
ing expenses; and to determine what it 
will cost to operate the airplane, a num- 
ber of factors must be known and others 
must be assumed to make any reasonable 
prediction. Direct costs can be reason- 
ably well estimated when local prices for 
tucl and maintenance are known, from 
which a figure can be set stating the out- 
lay on an hourly basis. Fixed expenses, 
however, will depend upon the method of 
computing depreciation, the amount of 
insurance, and hangar rent. In addition, 
any increase in rates of the flyer's per- 
sonal insurance incurred as a result of 
owning and flying an airplane should be 
considered in the total cost of owncr- 

Since this last item is of a personal 
nature, the amount involved will vary 
considerably with the type of insurance. 
Accordingly, it will be omitted from our 
present calculations. Further, where dol- 
lars and cents figures are given, they are 
only for purposes of illustration, though 
they represent typical values. 

Direct Operating Expenses 

Expenses incurred when the airplane 
is flown include charges for gasoline, oil, 
maintenance, and overhaul. The example 
given here is based upon some retail 
figures that might lie encountered by a 
private owner. In considering the cost 
of commercial operation, wholesale fig- 
ures would of course be used. 

The cost of gasoline and oil needs no 
explanation. Maintenance costs, in the 
event of ehanges in CAR, will probably 
lie lessened. Whereas prewar regulations 
required that certain cheeks and inspec- 
tions be done by licensed mechanics, the 
owner is now permitted to do more of the 
work himself. Because of improvements, 
power plants in the lower lip. classes 
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now afford some four years of operation 
— if we measure with the “yardstick of 
average use”. Not only have these en- 
gines stood up well, but top overhaul 
is now seldom necessary, while the aver- 
age time between major overhauls has 
been extended. CAA figures that .$0.89 
per hour is cost of maintenance, replace- 
ments, and mechanics' services for the 
average lightplanc, to which 15% will 
be added in order to approximate retail 
costs, which will bring this item to $1.02. 

The owner should not overlook the 
fact that other miscellaneous service ex- 
penses may be incurred from time to 
time. Maintenance costs are not always 
as low as may be glibly claimed by the 
aircraft salesman. Addition of equip- 


Table I — Depreciation of Aircraft 



ment to an airplane is not a cost of op- 
eration but an increase in the value of 
the airplane itself. 

The following estimate is based upon 
direct cost of flying a typical privately 
owned 60-75 hp. plane: 

Gas, 4 gal./hr. @ .25/gal $1.00 

Oil, Vn pt,/hr. @ ,32/qt 08 

Maintenance & repair 1.02 

Total cost per hr $2.10 

Fixed Expenses 

Fixed expenses will be considered on 

bined with direct expenses to arrive at 
the overall expense. Under fixed ex- 
penses are such items as the following : 
Storage, which goes on regardless of 
whether or not the airplane is actually 
operated. 

Hangar rents, which may run from 
$10 to as high as $25 per in nth. Hangar 
rent of $20 per month will be considered 
here, with the airplane on a 12-month 
“active” storage basis. 

Insurance, which will vary from noth- 
ing to several hundred dollars. Since an 
analysis of insurance is not intended at 
this point, we will consider that cover- 
ages are on damage to the airplane (hull 
insurance), public liability, and property 
damage. The figure of $322 50 for such 
combined coverages is a current quota- 
tion (Apr. 1, 1946) on an airplane cost- 
ing $2,400. 

Depreciation, which is present from 
the day an airplane is purchased until its 
eventual disposal. In the course of time, 
the private airplane owner will sell his 
machine for price less Ilian he originally 
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paid for it, and the loss will be part of 
his operating expense. If the owner be 
ar. operator, he should- have made an 
allowance for this depreciation, and in so 
doing have created another asset (cash) 
that will enable him to make a replace- 
ment without capital outlay. 

Figuring Depreciation 

Straight line method. By this system, 
Ihe airplane is depreciated on the basis 
of a certain number of years of useful 
life. The Bureau of Internal Revenue 
indicates that a 5-yr. writeoff for private 
aircraft is acceptable; however, at the 
end of that time the airplane most cer- 
tainly retains a residual value, A steep 
writeoff is unnecessarily hard on an op- 
erator. In fact, CAA considers a period 
of 10 yr. as fair, because it more nearly 
accommodates the actual situation. The 
average life of non-scheduled civil air- 
craft has been 7.4 yr., including destruc- 
tion as a cause for cessation of use. 

Writeoff on an hourly hams. This 
method, which predicates a certain work- 
ing life, and which becomes n straight- 
line method with regular use, is not 
recommended unless the plane is used on 
a uniform basis over a long period. 

Declining balance method. This type 
of writeoff, based on a lessening percent- 
age of original value, more nearly gives 
the true worth than the other two sys- 
tems. Here, the values tend to keep pace 
with Ihe market prices. With the intro- 
duction of yearly models, airplane values 
lend to depend more upon age than upon 
the number of hours flown. The plane 
does not, however, depreciate at a fixed 
annual percentage. 

To explain : The highest percentage is 
deducted in the first year of the croft’s 
life, with a gradual lessening of this 
amount as the plane grows older. Hence, 
at any time the plane will have some 
value. The method is similar to that 
found in both the automobile and the 
machinery fields. An actual case will be 
of interest — 

The plane in question originally sold 
for $7,000. It was flown for only 40 hr., 


then remained in dead storage for 2 yr. 
At the end of that time it was sold for 
$3,600 — slightly more than half of its 
original value. Had this airplane been 
considered on the basis of an hourly 
writeoff, it would have decreased but 
little in value. If it had been depreciated 
on a 5-yr. basis, it would have shown a 
value of $4,200 at the end of 2 yr., while 
oh the basis of 10 yr. it would have 
shown a paper value of $5,600 at the 
time of sale. Obviously, these last two 
figures were not in line with the market, 
but the interesting point is that the plane 
would probably have brought almost as 
much had it flown 140 hr. or even 200 hr. 
as it did at 40 hr. 

In one recommended practice, the air- 
plane was considered to depreciate in 5 
yr. to approximately one-third of its 
original value. Writeoff here would be 
one-fifth of the difference, or about 
13%% per year. This again gives a 
straightline depreciation for the first 
5 yr. and appears slightly low for the 
first, year if a yearly change in models 
should become customary. In this ac- 
counting, an operator may decide to use 
the 5-year writeoff basis. But in sales he 
should use the percentages given in 
Table I, since careful determination of 
depreciation and market price then be- 
comes essential. 

Total Fixed Costs 

On the foregoing busis fixed costs for 
the first year would be : 

Hangar storage @ $20.00/ 

mo $240.00 

Insurance (hull, public liabil- 
ity, property damage ) ... . 322.50 

Depreciation @ 20c. (on $2,- 
400 plane first year) 480.00 

Total fixed costs $1,042.50 

Total Cost of Operation 

We can now estimate total cost of 
operation by the following formulas: 
Total cost of operation = fixed expenses 
+ direct operating expenses, while the 
cost per hour is obtained by dividing 
fixed expense by hours flown and adding 
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Table IV — Companion of Operating Coiti 
Flight Hr. Ughtplaoe Plane A Plane B 



... . JO; expenses *4.32 and *2.53 


direct hourly cost of $2.10 in each case. 

Cost per flight-hour is reduced mate- 
rially as the amount of flying is in- 
creased. This cost reduces most rapidly 
during the initial hours, with a gradual 
lessening to the point where there is hut 
little reduction, even with a large in- 
crease in the number of hours flown ( the 
period from 500 to 700 hr. for example). 
For full appreciation of this reduction of 
the cost of operation, note the figures in 
Table II. 

It can readily be argued that expenses 
of the private plane rise high with low 
usage. The type of a plane upon which 
these figures are based can be hired for 
from $6 to $10 per hour; With $8 token 
as an average, it could be said that np to 
nearly 200 hr. it would be cheaper to fly 
on a rental basis than to own. 

It is obvious that once hangar rents 
and insurance coverages are materially 
reduced, not to mention the initial cost 
of aircraft themselves, private ownership 
will become much more attractive than at 
present. With a 50% reduction in stor- 
age costs and insurance, for example, the 
fixed expenses would be reduced from 
$1,022.50 to $761 for the year and then 
comparative costs for 200 and 350 hr. 
per year would run as in Table III. 

A more favorable presentation of costs 
could be made on the basis of tie-down 
and no insurance, but most owners pre- 
fer to store their airplanes, and lack of 
insurance protection is not sensible econ- 


come possibilities carefully before invest- 
ing in larger and more expensive air- 
craft. On the other hand, when assured 
of regular usage and sales on a “per- 
son t" basis, it is interesting to find what 
a favorable showing larger aircraft can 

This is evident in Table V where a 
usage of 350 hr. per year has been taken 
for illustration. Particular attention is 
called to the favorable cost per seat-mile 
in the case of larger craft. To enjoy 
such an advantage all the seats would 
have to be occupied. 

The advantage of parties chartering 
larger aircraft for round trips is also 
brought out in Table V. Three persons 
flying cross country with a commercial 
pilot would still enable a rate of 3.4c. per 
seat-mile for the largest plane shown, 
making favorable comparison with the 
average airline fare of 4c. per mile. For 
a private owner flying his own airplane 
with all seats occupied, the rate of 2.5c. 
per seat-mile for the largest aircraft 
would apply, making an even more fav- 
orable comparison. 

A final point in connection with costs 
is that of rate reductions with increases 
in cruising speed, other factors remain- 
ing constant. Take the case of the light- 
plane: With an increase in cruising 
speed of from 90 to 122 mph. (about 
20%) there would be a reduction in cost 
from 5.8c.‘ to 4.6c. per mile, or more than 
lc. The interesting possibilities of low- 
ered costs, attendant with the challenge 
to the manufacturers, can be iullv ap- 
preciated when reductions become pos- 


sible through the lowering of insurance 
and storage rates, as well as through in- 
creased performance. At present, fixed 
expenses constitute one half of the total 
expense up to about 500 hr. of flying. 
This situation must be improved if air- 
craft ownership is to become widespread. 

It is not uncommon for the aircraft 
salesman to be asked for a comparison 
of aircraft operating costs with those of 
other vehicles. An excellent analysis, 
developed in 1938, enables some reveal- 
ing comparisons to be made (see Table 
VI). Two types of aircraft were chosen 
in the class of planes A and C of Table 
1’. A 35-ft. motor boat and also a motor 
car were then brought into parallel. 
Charges for fuel, storage, and repairs 
were made according to costs current 
at that date. Depreciation was calculated 
for the planes and car at 25% and for 
the boat at 15%. Insurance charges 
were below those used in the preceding 
discussion. (These variations are not 
important, because as long as conditions 
are as similar as possible and in line with 
current usages, the comparison will be of 

It was assumed that the planes were 
used on trips of 50 mi. or more, while 
operation of the car was based upon 
suburban travel including trips up to 
50 mi., and use of the boat was judged 
as being in the short cruise and harbor 
spin categoiy. 

Particularly favorable is the per-mile 
comparison between the small plane and 
the car. The striking operating-cost dif- 
ferences between aircraft and the yacht 
should be valuable data to every aircraft 
salesman. Not many persons engaged 
in aviation realize that such considerable 
variances exist between these two spe- 
cific units. 

Little in the way of a hard and fast 
statement can be made that aircraft are 
cheaper to operate than this vehicle or 
that one, because much depends upon the 
factors involved, and upon the basis on 
which comparisons are made — i.e., mile- 
age. the hourly basis, or the per seat 

The salesman should exercise caution 
when it comes to making statements 
about the cheapness of aircraft, or else 
he may find himself in an embarrassing 
situation, though it is evident that there 
are extremely favorable situations for 
comparison and that there are types of 
operation in which the plane is pre- 
dominantly suited for performing a cer- 
tain activity at a favorable cost level. 


The foregoing discussion has revolved 
around the lightplane, but what of the 
larger aircraft? Three types of air- 
planes, in addition to the lightplane al- 
readv considered, are compared in Table 

rv. 

The substantial costs involved indicate 
the need for the operator to analyze in- 


Table VI — Colt Companion Between Aircraft, Automobile, and Motorboat 
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HIGHEST SEAPLANE BASE 

TURNS AWAY BUSINESS 


W hen Wes Stetson returned 
from trans-Atlantic flying for 
ATC he decided to start his flight 
school where he would not be crowded. 
Lake Tahoe, Cal., one of the most beau- 
tiful lakes in the D. S., seemed to be 
unique among the few eligible sites still 
overlooked by operators, so he selected 
this body of water as his seaplane base. 

Remembering that the lake is 6,200 
ft. above sea level, Stetson decided to 
make a few inquiries about the experi- 
ence of others who had tried flying off 
the surface of this body of water. First 
impressions were not encouraging — two 
amphibians had required dismantling to 
get them away from the lake. And while 
Frank Fuller had taken off successfully, 
he was flying a twin-Wasp Grumman. 

“Everyone was very good about giving 
information,” writes Stetson, “but I 
could always detect that look they re- 
serve for a fellow pilot who isn’t con- 
sidered to be using all his marbles.” 
Finally, after considerable trouble, a 
Tayloreraft on Edo floats was obtained 
and flown from Oakland to the lake. 
The altimeter stuck at 10,000 ft., but 
the plane kept- on climbing and seemed 
to have plenty of power, so Stetson de- 
cided to take a chance and “set her 
down” on the water. Everything worked 
out okay, except that it was found very 
difficult to visually estimntc altitude 
above the clear, glassy water. 

The resort of Nelson Salter, at Emer- 
ald Bay, was selected ns a base — and 
business came in as soon as people saw 
the seaplane on the water. Though this 
was a flying school, the demand for 
charter flights could well have led to a 
rousing business in itself, but unfortu- 
nately, gasoline restrictions prevented 
this branch from being developed at 
that time— 1944. 

So far as takeoff was concerned, there 
was no trouble from plane, floats, and 
engine, though both Stetson and his in- 
structor, Glenn Anderson, weigh over 
180 lb. Only difficulty was that which is 
experienced no matter what the altitude 
— that is, taking off from flat water. 
With a full tank and two persons in the 
plane, it was necessary to rock one float 
out of the water until the ship was riding 


By EDWARD E. THORP, Aniitant Editor, ''Aviation' 1 

Despite gloomy forebodings from fellow pilots, Wes Stetson based 
his Tayloreraft floatplane 6,200 ft. above sea level — and found busi- 
ness already waiting for him. 



on only one step, after which there was 
no difficulty in leaving the surface. 
Being the only air operation on the 



has money, there was no trouble in keep- 
ing busy for as long as the pilots could 
stay flying. At $10 per hour there was a 
waiting list throughout the summer. 

Problem of what to do about winter 
storage was simply solved — the plane 
was sold to a summer resident who had 
learned to fly and wanted to retnrn home 
by air. Each summer Stetson takes up a 
new plane, thus solving the maintenance 
and overhaul diflicultv neatlv and 
profitably. The only piece of equipment 
which is left behind at the season's end 

barrels at a total cost of less than $50. 

There must be many locations in this 
country and Canada where an operation 
> f this type could be profitably carried 
on. Given a good plane of almost any 
i f the standard makes, altitude seems to 
be no bar to operations, this being 
proved by the fact that Stetson also 
carried on successfully from nearby 
Falleu Leaf Lake, which is at least 100 
ft. higher than Lake Tahoe. 
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TAGGING THE EASES 



verted Lockheed P-38. . . . Dallas Air- 
craft Sales reports Premier Oil & Re- 
fining Co., Kilgore, Tex., has purchased 
twin-engine Beechcraft. to be piloted by 
Kenneth Koelllng. . . . Walter Menge of 
Leon Valley Airport, Tex., reports more 
than 50 planes now based at field, much 
of business coming in from Mexico. . . . 
Oklahoma Aviation Assn, held first post- 
war meeting recently. 

Fifth Region — Flying Farmers of Kan- 
sas held first organization meeting at 
Hutchinson, under sponsorship of "Kan- 
sas Former Magazine", over 200 planes 
being flown in. . . . Missouri Aviation 
Corp. Kansas City, has discontinued sup- 
ply business. . . . Distributors for Globe 
Swift: Norbert Locke. Dodge Airways. 
Des Moines. Iowa; Edgar Smith. Kan- 
sas City Flying Service, Mo.: Krantz 
Airways. Omaha: L. W. Mack, Denver; 
Kratz Airport, St. Louis; Ralph Hub- 
bard. Watertown. S. D.; and Ossorghin 
Aviation, Reno, Nev. 





Maybe you've run into a sales and service snag, face some overhaul 
hurdle, are grappling with a flight teaching tangle, or seek guidance 
in the maze of maintenance. Whatever the perplexity, it's "fair shoot- 
ing" here in our operators' corner. Answers, and criticisms of answers, 
will be paid for at AVIATION'S usual rates. Welcome, too, will be 
photos or sketches which "point up” the problems. 


QUESTION 3. — Which of these sources 
of ueto business do you consider best: 
I A) Customer goodwill , (B) billboards, 
or (C) local newspaper advertising f 
TT/iut has been your experience with 
these media t Have you used success- 
fully any other method for attracting 
business to the airport t — D. H. 
Answer: “All three methods have their 
place and are most effective when used 
in combination. At this airport, we have 
■lie only swimming pool in the district, 
and 'vc use billboards within a 10 mi. 
radius to tell tourists about it. When 
they stop for a cool dip, we sell them the 
idea of flying down the road for 40 or 
50 mi. to choose the best scenic route for 
the motor trip. They then tell others 
whom they meet, and here the transient 
goodwill comes in. And for local trade, 
nothing brings more return than cus- 
tomer goodwill, but newspaper ads and 
notices bring quick benefits when we 


have something special to offer — a new 
model plane or a second-hand bargain 
for quick disposal. We get local news- 
paper publicity in exchange for flying 
the editor to neighboring towns when 
there are newsworthy happenings. Since 
someone from the airport would go in 
any event, to make fresh contacts, this 
newspaper publicity costs very little, 
and our local editor not only boosts our 
(he calls it “his”) airport, but also in- 
troduced ns to many prospective cus- 
tomers.” — L. B. Began, Segundo Air- 
port, Penn, X. M. 


Readers Are Invited to Answer — 

,'7 

mail irtinc there is tittle through-tragic . 
hut irhcrc tares arc considerably lower / 


Sixth Region — Philip Smookler and Eu- 
gene Kenworthy have opened new air- 
port at San Ramon Valley, to be oper- 
ated in conjunction with their sales 
agency at Berkeley. . . . Los Angeles Jr. 
C. of C. organized successful breakfast 
flight to Palm Springs, Cal., on Apr. 28. 
flying 104 planes (see photo) . . . Du- 
arte. Cal., airpark lias been approved 
by 3-1 vote of local board. . . . Buchanan 
Field. Concord. Cal., with two 3.000-ft. 
runways, is now- being operated for civil 
flying, with Darrell Jensen as mgr. . . . 
San Bernardino County, Cal., has ap- 
pointed aviation advisory board consist- 
ing of five local operators: Les Farrar, 
San Bernardino; Joseph Brier. Tri-City 
Airport: Dewey Cable. Cable-Claremont 
Field: George Sanford, Ontario Munic- 
ipal Airport: and Wm, Natte, Needles 
Municipal Airport. . . . Bob Metcalfe and 
Slim Dever ore now operating Link 
trainer and instrument School at Oak- 
land Airport. . . . John H. Engel. Es- 
condido. is establishing residential sub- 
division and locating auto and farm 
equipment businesses alongside 
5.0(10-ft. landing strip. . 

Flying Club has been organized at nay- 
ward Airport. Cal., members paying $50 
each, thereafter flying for $3 per hour. 
. . . Miller Dunckel Aviation, Van Nuys, 
Cal., is distributor for Nelson Soaring 
Plane and Republic Seabee in southern 




Seventh Region — Boise. Ida., has new 
airport at Blackfoot Island on Snake 
River. Tucker Airport at Blackfoot will 
be discontinued. . . . New airport con- 
struction in Idaho is reported at Shoe- 
shone, Bancroft, New Meadows, Council, 
Craigmont. Bonner's Ferry, Downey. 
Grace. Albion. Cambridge. Nez Perce. 
Cottonwood, and Genesee. . . . Oregon 
Aviation Assn, was organized at May 7 
meeting at Bend. . , . Horseshoe Flying 
Club has been formed at Port Orchard. 
Wash., by B. Bill of Bremerton, and 
N. E. Little. R. F. Bill, and C. M. Peter- 
son of Port Orchard. 

Canada— Quebec Airways has been 
formed at Seven Islands. P. Q., for char- 
ter flying. Company will fly hunters and 
and fishermeu into interior. . . . Sea- 
plane base is now being operated at 
Toronto Island Airport. Toronto. 
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Real Sales Clincher 
Is the Follow-Up 


By K. H. HOLMGREN, Advertising engineers Corp. 

Tenacity is a sorely needed requisite in the 
scheme of aviation merchandising. So counsels 
Author Holmgren, who declares that the dealer 
might well keynote his pursuit of profits with the 


paraphrase, "Faint heart ne'er 


A s aviation dealeb calls two strikes 
on himself when he does not take 
the time to follow up direct sales 
leads — those furnished him by the manu- 
facturer, those developed from his own 
advertising, or those offered by students 
and visitors at the field who evidence real 
interest by owning a plane, taking a 
flight course, or even going for a short 

A lot of money is spent on advertising 
every year by aircraft makers and air- 
port operators. This investment, made 
to create consumer acceptance and good 
will, is justified only if action is taken 
to develop customer interest into actual 

There has been gross neglect in at- 
tending to inquiries received ns a result 
of advertising. Airplane sales leads, for 
example, are normally received by the 


i fair sale.' 



faetory and consequently are passed on 
to the distributor and then to the dealer. 
A common dealer complaint is that many 
of these leads are merely from nirminded 
youngsters and other people who cur- 
rently have no reasonable use for n 
plane. This may be so in some cases, 
but the dealer can't be certuin unless he 
follows up each inquiry personally and 
persistently. Too many fool themselves 
saying, “No use making 


a call on this prospect — I know that he 
isn't in a position to buy now.” 

Such fallacious reasoning is one of the 
greatest “deflectors” to successful sell- 
ing known to the aviation industry. Too 
often the new or untrained airplane 
salesman is enthusiastic and effective 
only on his first call. Finding the pros- 
pect lacking sufficient ready cash for an 
outright purchase, the salesman does not 
(Turn to page 147) 
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CONDUCTEO BY FRANK ROCKETT 


New Techniques Nullify Static 


N ullification- of electrical charg- 
es generated on aircraft can now 
be accomplished by four techniques 
developed by the Army-Navy Atmos- 
phere Electricity Project, in cooperation 
with Northwest' Airlines, following tests 
conducted at Wold-Chamberlain Airport, 
Minneapolis. 

Just released from military security, 
these techniques include : Use of wick 
dischargers (such as shown in an ac- 
companying illustration) ; covering of 
receiving antenna with polyethylene; lo- 
cation of antennas away from discharge 
points; and designing of aircraft so as 
to avoid discharge points. 

The first two methods, which are ap- 
plicable to existing planes, reduce inter- 
ference to such an extent that Northwest 
will employ them as soon as production 
models of the necessary units are avail- 
able. The latter two, although desirable 
from an electrical viewpoint, cannot al- 
ways be reconciled with constructional 
and airflow requirements. 

Precipitation static, a major cause of 
noise in aircraft radio receivers, is gen- 
erated when planes fly through air laden 
with snch particles as ice, dust, or snow, 
or when they pass close to electrically- 
charged clouds, such as thunderheads. 
Friction of the particles against the air- 
craft surfaces, or movement of the plane 
through electric fields set up by charged 
clouds, generate electric pressures which 
often exceed 100,000v. This pressure, 
after it becomes high enough, causes the 
familiar St. Elmo’s fire or corona, which 
forms at wing and propeller tips, on an- 
tenna masts, and even along aerials. This 

can be’ reduced by (1) draining off the 
electric charge while it is still so small 
that it causes but little interference, or 
(2) actually preventing it from forming 
where it conld cause interference. 

To drain the charge, the project engi- 
neers developed wick dischargers, which 
consist of metal ribbon and fiber cord. 
The many small sharp metallic points 
of the wick permit the charge to leak 
away at low electrical pressure. 

Corona can be reduced either by using 
a larger antenna wire or wrapping the 
wire in polyethylene. Corona on wires, 
struts, and antenna masts can likewise 


Just revealed, these methods developed by military services and air- 
line help keep aircraft radio interference-free when contact is most 
necessary. 
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^ Xciiufs erf Empire 



Britain’s inborn aptitude for world trade finds new expression 

in the operations of British Overseas Airways Corporation. Knitting 
the Empire and the nations of the world still closer, B.O.A.C. wil 
carry the Union Jack over the familiar shipping lanes on the swift 

wings of Lockheed Constellations powered by Wright Cyclones 
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TIMKEN 


TAPERED ROLLER BEARINGS 


Flight after flight and day after day the new 
Lockheed Constellation is breaking existing records and making 
aviation history. Keeping pace with it in the air and on the 
ground is a battery of Timken Roller Bearings. 

Installed on rocker arms of the ship's four Wright Cyclone 
Engines and in the nose wheel, landing wheels, cargo blister 
and elevator counterbalance mechanism, they assure dependable 
performance in minimizing friction and carrying the radial, 
thrust and combined loads imposed upon them under all take- 
off, flight and landing conditions. 

The Timken Roller Bearing Aircraft Series offers a wide variety 
of sizes in light-weight, maximum-capacity bear- 
ings. Make sure the trade-mark "TIMKEN” ap- 
pears on every bearing you use. Write today. Our 
engineers will be glad to make specific recommen- 
dations for your aircraft and engine problems. The 
Timken Roller Bearing Company, Canton 6, Ohio. 


SIMPLIFYING 

PERSONAL PLANE DESIGN 


PART I 

By RALPH H. UPSON. f» 9 .v>.« 


0 

called 

problcn 


R previous series, “Designing 
Tomorrow’s Personal Plane,’” 
dealt mainly with what might be 
the one-way-or-the-other type 
n — should the wing be high or 


sional pilot gets real satisfaction from 
Hying a plane that “has to be fiqwn”, 
so a good engineer welcomes an abstruse 

specialised skill— an understandable if 


the landing gear be retractable; should 
the engine be tractor or pusher? 

Now we come to those problems of 

not a choice of alternatives, but an opti- 
possible values and combinations, 
approach in a mathematical rcpresenta- 

pered by experience and checked by 
such further experiment ns will assure 
a practical solution. And such experi- 
ment must itself be guided by sound 

result is to be of more than passing 

Generally speaking, wind tunnel, 
structural, or flight tests, important as 

They cannot produce the answer, except 
through a test program so extensive as 
to be outside most budget possibilities. 
To handle these problems to the best 
advantage, requires the utmost simplifi- 
cation of design procedure. 

A good analogy is the trend toward 
s pi ficd c t ol— sally a case of sim- 
plified design. Many and ingenious 
have been the arguments against it. 
But despite open questions remaining 
as to ways and means, the major objects 
of simplified control now seem to be 
generally accepted. Will a proposal for 

to start another long and futile argu- 

It seems hardly possible. Yet the 
superman complex dies bard. As an 
ardent horseman seeks a spirited, unruly 
horse to try his skill, and as a profes- 


nevertlieless. 

The president of an aircraft company 
calls in his sales manager, production 

them f “Our board ^f directorates 
decided to put out a new lightplane 
with maximum appeal to the present 
market. Its characteristics will be for 
us to decide.” Then, with a hopeful look 
in the general direction of the sales man- 
ager, he asks, “What are your recommen- 

Not being exactly of a retiring nature, 
the sales manager, with a side glance at 
the engineer, speaks up in no uncertain 
terms: “It must definitely be the safest, 
cheapest, and best performing plane in 
its class.” And, as something of an after- 
thought, but still important : “The flight 
tests should be finished, and we should 





used as the efficient tools they ere.— The 
Editors. 


have our A. T. C. and be ready for 
production within six months.” 

“How about it?” asks the president, 
“Can we do it?" ' Sure we can," puts 

manager, “if this guy will just give us 
the drawings. But they’ve got to be 
right— a quarter the usual number of 
parts, and no expensive gadgets or tool- 
ing.” 

Since it’s the very first time that “this 
guy,” the engineer, has heard of the 
proposition, he has meantime been doing 
some quick thinking. No room here for 
any radical change of type; that’s out 
of the picture. So the improvement will 
have to be wrapped up in the detail 
design. But that still takes time. For- 
tunately he has some improvements al- 
ready on the fire — the kind of fire that 
perpetually burns in a good engineering 
office — and he knows his job. His re- 
marks are not too discouraging. 

“Well,” he begins, “in six months you 
can have a dressed-up version of our 
present model; while in nine months 
you can have some real improvements, 
with sales points worth talking about — 
but still just another airplane. Why not 

job, one that we can be proud of, that 
will really go to town ?” 

The final decision, as may be guessed, 
is to take the dressed-np version, drop 
the intermediate one, but be working 
along on the more advanced design. 
Worse and worse! Instead of one job, 
difficult enough in itself, the engineer has 
only succeeded in talking himself into 
two. He frankly expresses his skepticism 
as to how much can be accomplished on 
the advanced design while accelerating to 
the utmost the model of immediate inter- 
est. He leaves the president not quite 
convinced, however, as to why a little 
progress takes so much time. 

Now let’s be honest about it and 
admit that maybe the boss has something 
there— that his attitude is at least partly 
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justified. Efficiency is a word commonly 
batted around the engineering depart- 
ment; but before any other kind of 
efficiency, there must come engineering 
efficiency— which might be defined as the 
ratio of knowledge-used to knowledge- 
available. 

If some quantitative measure of sueh 
efficiency were possible, its fluctuation 
over the years would be interesting to 
follow. But even without a quantitative 
basis, most observers, certainly including 
the engineers themselves, would probably 
agree that lightplane design, although 
improving, still employs only a small 
fraction of available knowledge, still lags 
ten years or more behind the possibilities 
revealed by scientific research. Here 
we are speaking not of methods or fea- 
tures which, after due consideration, 
have been dropped for economic or 
other sufficient cause, but of those which 
are summarily rejected or missed cn- 


Enqineerinq Department Trouble 

There arc of course extenuating cir- 
cumstances — scarcity of time and exper- 
ienced personnel ; problems of standardi- 
sation and scheduling; the routine labor 
of computing, drafting, and checking; 
the inevitable “bugs” in new design; and 
just ordinary human inertia. The plain 
truth is that the project engineer, respon- 
sible for practical design, is not pri- 
marily a scientist, and we cannot expect 
him to be one. He must use the results 
of scientific research ; but instead of con- 
centrating on a scientific problem, he 
must coordinate and apply a multitude 
of often-conflicting results from theory, 
tests, and practical experience. He must 
produce numerical calculations and/or 

new tests of his own to justify the* pro- 
posed design. 

The engineer in charge must not only 
meet a schedule and a budget in his 
own department, but often must take 
the chief burden of responsibility to 
prove that the plane can be economically 
produced and operated. And consider- 
ing that the primary responsibility of the 
engineer is to make his stuff work, it is 
certainly no reflection on him that he 
so often misses features that could be 
made landmarks of progress. Under 
the conditions imposed, such ns in the 
case here cited, he must for the most 
part follow well marked tracks and avoid 
excursions into unknown territory. 

The engineer’s problem in general in- 
volves dealing with the ever-increasing 
demands beyond strict engineering re- 
quirements. Means of coordinating 
design with production appear to be 
rapidly approaching a satisfactory state 
of affairs. Here there is usually at 
least a close physical relationship, a 
chance for direct give and take, and an 


obvious relation of cause and effect. Not 
so, the coordination of design and re- 
search, where at most only a small part 
of the pertinent research is directly 
associated with the design project that 
has the current priority. 

Most of the research-based informa- 
tion, along with its optimum use and 
associated factors of judgment, must be 
accumulated through long study, exper- 
ience, and outside contacts. Keeping up 
with all the ourrent technical literature 
can readily be a full-time job in itself, 
and as these incidental requirements are 
constantly increasing, it is no wonder 
the normal design engineering staff is 
hard-pressed to do more than serve im- 
mediate requirements. 

It is obvious that one key to a broader 
engineering coverage is to save time and 
costs on the routine tasks that make up 
such a large part of any new design 
project. Of course the easiest way to 
do this is to pick conventional numbers 
more or less out of a hat — power, rpm., 
and propeller size; wing loading; aspect 
ratio and the other ratios : taper, thick- 
ness, camber ; dihedral, twist, sweepback ; 
slots and flaps; fuselage and tail pro- 
portions; control and landing - gear 
characteristics — not to mention all the 
internal variables of structural impor- 

Does anyone seriously expect to get a 
superior or even acceptable new design 
that way? “Oh, no,” it may be said 
“we check everything either by calcula- 
tion or by wind tunnel and structural 
tests.” But an engineering check — like 
shop inspection, a very necessary func- 
tion— is at most only insurance that you 
get what, yon specify. In other words, 
if you’re asking for “just another air- 
plane,” that’s what you get. 



"Sounds like sense to me — you find the 
answer on paper, then you check it with 
wind tunnel tests." 


We revert then to the problem of 

ing and properly proportioning the 
design as a whole. It is here that there 
is apparently the greatest opportunity 
for saving time of the real engineering 
personnel, those who can use that saving 
to the best advantage. For the individual, 
it means a job instead of a grind, and 
perhaps the opportunity to follow up 
that idea he has so long dreamed about, 
but has had no time to get at. 

The Empirical Approach 

Any effective, yet sound method of 
simplifying the design process seems in- 
evitably to mean some kind of empirical 
representation. Why empirical? In the 
first place, the average engineer has little 
time among his many duties to set up 
conformal transformations and Fourier 
series, solve differential equations, or 
perform many other tasks which, for 
the research scientist, are proper and 
necessary. Whether to save time in work 
done personally by the engineer, or to 
permit such work to be done by rela- 
tively untrained personnel, the right 
kind of empirical simplification pays off 
in either case. 

In the second place, progress would 
largely come to a stop if we could not 
consolidate, simplify, and put into prac- 
tical form each step as we go along. 
Take, for example, the Glauert method 
of calculating spamvise lift distribution, 
or the more straightforward but still too 
complicated Lota method; they served 
their purposes well in reliably establish- 
ing, us confirmed by test, a theoretical 
foundation for solution of this specific 

Such solution, however, like others of 
its kind, is not an end in itself, but must 
be used as a stepping-stone to other re- 
sults, such as the optimum coordination 
of lift, drag, weight, and control charac- 
teristics for a given purpose. Unless 
such calculations can be simplified 
enough to permit using them as variables 
on which to base further calculations, 
their values are sterile at best. 

Thus, the term “empirical" is here 
used as describing not only a means of 
dealing with observed results for which 
more rigorous scientific relations are 
lucking but also as a means of simplify- 
ing within a desired range of values, re- 
sults which by a more exact expression 
are too complicated for normal, engi- 
neering use. 

Such results, to almost any desired 
accuracy, can be employed in the form 
of tables, curves, nomographs, or special 
computers. But, although no universal 
rule can be set, it is believed that equa- 
tions in most cases have advantages of 
compactness, facility of visualization 
and checking, definite numerical signifi- 
cance, and adaptability to further opera- 
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tions not so well combined in any other 
form. And they can nearly all be bandied 
by that one essential engineering tool, 
the slide rule. Believed to be next in 
order of utility arc simple graphical 

Any prejudice against the use of em- 
pirical methods is soon overcome when 
it is realized that, broadly speaking, 

empirical in nature. A good example 
is the law of gravitation. Copernieus 
assumed the general nature of motion 
taken by the planets in their orbits 
around the sun. The earth could alter- 
natively have been taken as the fixed 
center, but it was simpler the other way. 
Tycho Brahe followed with precise ob- 
servations of the actual relative motions. 
Kepler, fitting Tycho’s observations to 
the Copernican assumptions, plotted 
these orbits in more detail, fitted empiri- 
cal curves to them, and found they all 
eonld be closely represented by ellipses 
with varying coefficients for the path 
and speed of travel. 

Newton, attempting to coordinate the 
behavior of the planets with that of 
terrestrial objects, found that these co- 
efficients could be evaluated by the 
simple assumption that the force be- 
tween a planet and sun varies directly 
as the product of the masses and in- 
versely as the square of the distance 
between them. Although even Einstein’s 
later and still broader generalization 
can be considered empirical in the sense 
that it was chosen to fit observed facts 


and rational assumptions, it brings out 
more definitely the essentially empirical 
nature of Newton’s law and its virtual 
necessity in dealing with the great mass 
of calculations for which, with few ex- 
ceptions, it is perfectly valid. 

GeHlllq Formula-Conscious 

To a practical engineer, mathematics 
is technical shorthand, in accordance 
with which a simple equation or formula 
may well be regarded as its supreme 
achievement. A good formula, by pre- 
senting a known group of facts, sets up 
a problem, shows a picture, points the 
way, and indicates the solution. Yet, 
followed blindly out of its proper do- 
main, misunderstood, or otherwise mis- 
used, it well merits the disrepute into 
which it may fall. True, there is such 
a thing as being a slave to formulas; but 
he who understands them, sees the pic- 
tures that they paint and their hand- 
writing on the wall, is not their slave but 
their master. And the more he can get 
to serve him the better. 

So, quite opposite to the one-time 
boast of “flight without formulas,” let us 
have more and better formulas (although 
preferably not bigger ones!). These 
should be in explioit algebraic form 
where possible, but trigonometric, log- 
arithmic, and other readily usuable func- 
tions, are of course acceptable. Decimal 
exponents are usually simpler than try- 
ing to avoid them, and are no trouble on 
a log-log rule. Derivatives and integrals, 
if used, should be based on simple explic- 


it equations, and integrations of any 
great difficulty should be confined to 
graphical solutions. 

All this, of course, applies to routine 
engineering operations, not to explora- 
tory or research activities usually calling 
for a specialist outside the regular en- 
gineering staff. But such research should 
not be considered complete till its results 
can be put to use in practical engineer- 
ing form. 

The means employed to accomplish 
this purpose will vary widely for differ- 
ent conditions, as illustrated by the fol- 
lowing: 

1. A few simple fundamental rela- 
tions can be left unchanged. Elementary 
examples: Area of a circle; accelerating 
force. 

2. Often a binomial occurs in the form 
y = (1+x)" where x is a small fraction, 
in which case y zi 1 + nx. Example : 
Solution of the quadratic ox* + bx + c 
= 0 ; 

x ~h(~ b± ^ ~ 

|(- tor 4«/f= small. 

3. A multiplicity of different variables 
can almost always be combined to form 
a smaller number. Example: 

ax* + bx - C which can be put into the form 

ar-- + (f 

or Xi* + xi - Ci 

4. An implicit function, such as *, 
above, can be made explicit by plotting 
(or tabulating) the curve and fitting an 
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empirical equation to the portion cover- 
ing the usable range. A family of curves 
with more variables can be similarly 
Iren teil. (Even when a direct soultion is 
possible, such ns for the above cubic 
equation, the result is usually too com- 
plicated for practical use). Example: 
Solution of the basic performance equa- 
tion for speed. 

5. A gradual curve of theoretical or 
experimental points can be approxi- 
mated by a straight secant line cutting 
across two points of the curve, in a 
position to average the error within the 
desired useful range. This method is 
generally superior to the more commonly 
used tangent line, exact only at one point 
and usually throwing the error all in one 
direction. Example: Approximation of 
maximum speed when induced drag is 
relatively small. 

6. More extended or sharply curved 
functions can be similarly approximated 
by a parabolic or other simple curve. 
Example : Variable profile-parasite drag 
as a parabolic function of lift coefficient. 

7. A function in several terras, each 
in the form Kx"‘y"z'‘. . . , where K, m, 
«, p, etc., all have differing values in 
the various terms, can be approximated 
in fewer terms of the same form for any 
desired limited range of values. Ex- 


ample: Wing weight as a summation of 
terms for surface, beam llanges, webs, 

8. Various methods of interpolation 
and extrapolation can he employed. 
Although extrapolation is usually looked 
upon with disfavor, it can often be used 
to a moderate extent, provided there is 
no change of condition within the desired 
range. Example: Taylor's series is es- 
sentially a means of extrapolation from 
the characteristics at a single point, 
valid within the circle of convergence. 

9. Trial and error, guided by experi- 
ence in the recognition and fitting of 
special curves, is invaluable for cases 
where a fairly complete range of values 
must be covered. Example: Variation 
of beam-llange weight with taper charac- 
teristics. 

Although much remains to be done in 
thus putting into practical form the 
results of previous research, it is felt 
that a good start has been made. In this 
and succeeding articles the symbols will 
be listed, the formulas classified, and 
references given, where available, for the 
basic theory as well as for equations 
recommended. Many of the latter arc 
presented for the first time. The order 
cf accuracy will be given within specified 
limits of the dependent variables. “Ac- 


curate" here has its usual engineering 
meaning — i.e., “Within slide-rule ac- 
curacy." Explanation of the more im- 
portant formulas and examples of their 
use will be found in the text. 

To avoid transposition, all formulas 
are expressed directly in the customary 
units of lb., slugs, hp., deg. F., air 
pressures in lb./sq. ft., stresses in lb./ 
sq. in.; distance in mi., altitude in ft., 
general dimensions in ft., moments in 
lb.-ft., angles in deg., horizontal speed 
in mph., climb in fpm., and rotational 
speed in rpm. It is too bad we have 
never gotten into step with most of the 
world by adopting the metric system: 
but as long as we haven't, our own 
standards are followed all the way, the 
only liberties taken being that a few of 
the symbols, like altitude and engine 
speed, are in thousands of units to per- 
mit dealing with smaller numbers. 

As there is room in this article for 
only a few elementary formulas, what 
better start- can be made than with equa- 
tions for the atmosphere itself, on which 
all aircraft design depends? 

Except in the special cases noted, 
these formulas cover the entire tropo- 
sphere (up to about 35,000 ft.), al- 
though it is hardly conceivable that the 
personal flyer would be interested in 
more than about 12,000 ft., unless for 
something like crossing the Andes. As 
will be brought out later in our scries, 
however, it is believed that private pilots 
often miss good chances for improving 
their speed, fuel economy, and personal 
comfort by staying at too-low altitudes. 

The aeronautical standard atmosphere 
is of course itself an empirical approxi- 
mation, based on a somewhat arbitrary 
sea level pressure and the assumption of 
a constant temperature gradient or lapse 
rate in the troposphere. 1 It starts with 
a sea level temperature of 59 deg. F. 
which is different, incidentally, from the 
physical standard of 0 deg. C. 

Although the design engineer deals 
ordinarily with the standard atmosphere 
alone, the product of his work must be 
tested in an actual atmosphere where 
density, pressure, and temperature no 
longer have the unique relationship to 
each other and to the actual altitude 
assumed in the standard atmosphere. A 
properly adjusted altimeter gives the 
“pressure altitude” H„ the altitude in 
the standard atmosphere corresponding 
to the static pressure. 

But, with the exception of engine 
power, the designer of low-speed air- 
craft is more direetly interested in air 
density, hence the analogous term “den- 
sity altitude” B. For the higher speeds, 
o good case can be made for a “temp- 
erature altitude.” What it amounts to is 

■See comparison with typical average condl- 
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THIS MONTH'S FORMULAS 


Standard Atmosphere 

= (1 - tf/145.4)<-* = (p/p,) •' He 

= 145.4 (1 - ff “) = 7 for <r = .811 (7,001) ft.) 

(1) and (2) accurate for II <35. 1 qq () 


(3) »A, 

(4) RN 


(6) p/po 
(7 )H, 

(8) II, 

(9) a 


and a > 0.31 , 

= 1/VF= 1 + A/60 
within 1% for II < 15 

= 9350 c v a " = 7 .900 c V for a = .811 (7 ,000 ft.) 

within 0.3% for <r > 0.31 Based on 

- ” ■ = e/745 for <i = .811 (7.000 ft.) 


Accurate for a 


> 0.31 


Actual Atmosphere 
= (1 - H./145.4) 5 -* 

= 145.411 - (p/p „)- ,s | 

= 145.4 - (1.35/7’-*“) (145.4 - «,)'•“ 

= (519/ T) (1 - A,/145.4) s » 

(6), (7), (8) and (9) accurate for II ? < 35 
and a > 0.31 

= a »V391 = t'i */391 
accurate by definition, for all conditions. 


Based on Ref. 1 


“ 33.5 VT 

accurate for all conditions 
(12) p, - p = q (1 + .26 MN 1 ) 

within 1% for M N < 0.9 
Symbols 

o = p/p, = air density relative to standard at sea level 
pn = .00238 slugs/ ft.* 

T — absolute air temperature = 460 + deg. F. 
p = static pressure 

Po = static pressure at sea level in standard atmosphere 
= 2,116 lb./ft. 2 

p, = pitot pressure; p, — p = measured dynamic pressure 
7 = dynamic pressure for low Mach number (lb. /ft. 2 ) defined by 

Eq. 8 

i> = true airspeed (mph.) 

»i = indicated airspeed = 19.8 y/q = v \/o 
II = altitude above sea level (thousands of ft.) 

H , = same, according to Eq. 7 (pressure altitude — fictitious) 

H, = same, according to Eq. 8 (density altitude — fictitious) 

Note: In standard atmosphere II * = //, = H 

c = wing chord (ft.) (or other designated dimension parallel to 
airflow) 

RN = Reynolds number, Eq. 4 
MN = Mach number Eq. 5 and 11 

I. Richard von Mines, Theory of Flight , McGraw-Hill Book Co., Now York City, 1945. 

2. Walter Diehl, Engineering Aerodynamics, Ronald Press, New York City, 1936. 

3. Wm. C. Schoolfield, A Simple Method of Applying the Compressibility Correction; 

Journal of the Aeronautical Sciences, Oct. 1942. 


that nil three characteristics must be 
considered in relation to different effects. 

The relations between tr, p/po, and H 
in the standard atmosphere as given by 
Equations 1 nnd 2 can, of course, be 
taken alternatively from a table or chart. 
Still easier for the engineer is to think 
and deal primarily in terms of the rela- 
tive density o, which can be used directly 
in most computations. Choice of a 
standard cruising altitude, such as for 
,r = .811 (7,000 ft.), then permits, for 
most purposes, reduction of the “table” 
to values for sea level and this one other 
altitude, with formulas for MN, RN, 
power factors, and other related func- 
tions appearing on the same sheet, all 
in a form for qrn'ck use, with fractional 
powers of <r worked out in advance. 

For the usual moderate altitudes, 
Equation 3 gives a close approximation 
especially convenient for a pilot. All 
he docs is divide the density altitude in 
thousands of feet by 0.6 and add it as 
a percentage to the calibrated airspeed 
reading to get the true airspeed. 

Incidentally, the present accepted 
usage of “indicated airspeed” makes it 
something of a misnomer. As the very 
name implies, it originally meant the 
speed indicated by the instrument, but 
now it is customarily defined solely and 
specifically by the analytical expression 
here given. However, an airspeed in- 
dicator adjusted, positioned, or cali- 
brated to give all speeds correctly for 
tr = 1.0 will continue to give v\/a with- 
in 1% for all atmospheric variations 
up to 20,000 ft. “temperature altitude,” 
and 200 mph. indicated speed (Ref. 3). 

The Reynolds and Mach numbers, 
Equations 4 and 5, are from well known 
elementary theory, yet in moat sources 
of information on these relations there 
is apparently no attempt to present them 
in really convenient form. No more 
accurate form for RN is needed than the 
one Equation 4. It may possibly be 
questioned why Mach numbers are in- 
troduced at all in a discussion of per- 
sonal plane design. The answer to this 
one must come later, in connection with 
propellers and some of the recent wing 
developments. 

In similar manner to the indicated 
speed, the reference pressure q, Equa- 
tion 10, is simply a matter of arbitrary 
definition — for use as a convenient com- 
mon factor in the various aerodynamic 
coefficients. Otherwise the equations 
here listed for the actual atmosphere 
will seldom be of real importance in 
lightplane design, but they are included 
for reference in simple form. 

So there you are— A barefaced espou- 
sal of intellectual economy! At any 
moment we may expect to hear the chor- 
us of protest. Indeed it has already 
begun. It began at least as far back as 


Newton’s analytical methods. The words 
are lost, but the argument can be readily 
imagined: “Formulas and short cuts! 
That’s no respectable way to solve prob- 
lems. We should get back to Pytha- 
goras and Euclid.” And somewhat more 
recently: -‘Who wants to be a handbook 
engineer?” Well I, for one, do — if by 
such means we can progress still further, 


accomplish a little more, and make room 
for more of the true fundamental : sound, 
resourceful thinking in the approach to 
the many new problems still ahead in 
aircraft development. 

In his next article, Mr. Upson will 
discuss the all-important subject of per- 
formance. 
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Design and Flight Characteristics 
Of the Flettner FI-282 Helicopter 


Presented here is a clear analysis of Germany's foremost rotocraft 
development— the Flettner FI-282. And included in this first, well- 
rounded study is sufficient detail to enable comparison of its engi- 
neering with that of our own 'copter types. 



M ost advanced of German rotary 
wing projects, and a craft which 
has flown more hours than any 
other Nazi ’copter, the Flettner FI-282 
Kolibri has aroused great interest both 
here and abroad, despite* the fact that 
little detailed information has been here- 
tofore available. 

Extremely maneuverable, according 
to a U. S. TIIC report by Bartram 
Kelley and Hugh J. Mulvey, this two- 
place craft with intermeshing two-bladed 
twin-rotors and substantial tail surfaces 
has been flown in very bad weather, rain, 
and gusty air, also has been piloted 
blind. Many tests were conducted — for 
autorotation, altitude, speed, stability, 
vibration, and vibratory stresses— and 
hundreds of power-off landings were 
made. In an endurance test, one ship 
was flown 95 hr. without repairs or 
changes. Permissible C.G. travel allows 
flight with and without passenger with- 
out changing trim, although this pro- 
cedure increases vibration. 

At 2,200 lb. gross weight, vertical 
climb at sea level is given as 300 fpni. 
Maximum speed in level flight is 90 
mph., and hovering ceiling is roughly 
estimated to be 1,000 ft. With disk 
loading of 1.8 lb./sq. ft., the vertical 
autorotative descent is given as 26 ft./ 
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sec., although apparently no systematic 
tests were made at very low speeds to 
show rate of descent as a function of 
speed. Maximum speed of sidewise 
flight is about 15 mph., and maximum 
diving speed is about 109 mph. 

Stability 

The craft is stated to be neutrally 
stable in hovering. If the stick is given 
an arbitrary displacement, and then held 
fixed in central position, the craft will 
execute a swinging motion, amplitude of 
which neither increases nor decreases. 
In forward flight, there is a longitudinal 
instability, reaching a maximum at about 
25 mph., and at speeds greater than 37 
mph. flight is again stable. Period of 
phugoid instability is about 11 sec. when 
stick is held fixed. In forward flight 
above 37 mph., the craft can be flown 
hands-off for an indefinite period by ad- 
justing a bungee in the cockpit to neu- 
tralize stick load. 


An interesting feature of the phugoid 
oscillation is that if the stick is suddenly 
displaced forward, then returned, mo- 
tion is stable, whereas if the disturbance 
is caused by a sudden rearward dis- 
placement, motion is unstable. 

The craft is stable in yaw. Approxi- 
mately two oscillations per minute have 
been observed, but amplitude does not 


Vibration 

The Flettner 'copter is considered 
rough. The two-bladed rotors (synchron- 
ized to be parallel in the 45-deg. posi- 
tions) produce fuselage vibrations which 
appear to be torsional about the vertical 
axis. Blades are provided with flapping 
and drag hinges, the latter damped by 
adjustable mctal-to-inetal friction. There 
are no other means of isolating aero- 
dynamic forces from pilot. During rev- 
up, the craft shakes rather badly on its 
landing gear (the vibration being sensi- 


tive to tire pressure) but sweetens up be- 
fore takeoff. In flight, control stick 
vibrations were at first severe, but were 
greatly reduced by the well-known means 
of adding inertia to the system. Move- 
ment of either cyclic-pitch pushrod 
drives a sector, engaging a worm to 
which a small flywheel is attached. Al- 
though this device substantially cured 
control stick vibration, it involves dis- 
advantages of having a sluggish stick 
and tendency to overshoot a given dis- 
placement. Mr. Flettner has emphasized 
that when the drag hinge friction damp- 
ers are very carefully adjusted, vibra- 
tions of the craft are much reduced. 
(Recommended setting is slippage at 94 
lb.-ft. applied torque.) 

Dr. Kurt Hohenemscr (theoretical 
expert from Gottingen, who performed 
extensive calculations of stability, vibra- 
tions, and performance) has shown by 
analysis that a self-excited oscillation 
could occur in flight at low rpm. and 
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high pitch. This oscillation was experi- 
enced severely on one occasion at 140 
rotor rpm., bat disappeared when the 
craft was put into autorotation and rpm. 
increased. 

Vibratory stresses at critical points 
were measured by strain-gage technique 

control links at maximum speed. As a 
result, diving at high speed was pro- 
hibited. 

Detail Design 

Dolor blades. These are of conven- 
tional construction, embodying 1.5-in. 

ribs attached to steel collars, plywood 
cover, and fabric over the plywood. 
Blades are straight, have 19.65-ft. radius, 
and 11.42-in. chord. The -039-in. ply- 
wood cover is wrapped over the leading 
edge, which is .63 in. wide. Trailing 
edge is laminated vertically and has total 
width of 1.34 in. from ribs 1 to 16, and 
.98 in. outboard of rib 16. Rib com- 
ponents have built-up construction of 
two capstrips with plywood webs on 
either side, and are uniformly spaced at 
3.9 in. along entire blade. A solid block 
is added between capstrips at the spar 
for riveting rib collars. 

Blade has twist of 4 deg., the angle 
of incidence decreasing from inboard to 
tip. Tumcd-up tab, 17 in. long and ex- 
tending .79 in. to rear of trailing edge, 
is installed just inboard of the tip. The 
tab is fixed but can presumably be bent 
to change blade moment coefficient. 

Blade section appears to be of NACA 
23000 series with 17% max. thickness. 


Originally, blades were built with 
chordwise balance weights only on outer 
half. This was found to be unsatisfac- 
tory, hence similar weights were added 
on the blade inner half. Weights are 
attached to leading edge aft side with 
screws. Total weight of the blade is 88 
lb. 

Lacquer is used on the fabric cover to 
obtain a very smooth uniform surface, 
and thus maintain blade balance. Pro- 
tracted flights are claimed possible in 
rain or snow, without damage to leading 
edge. 

Spar is threaded on inboard end for 
attachment to a sleeve having a forked 
end forming part of the horizontal hinge. 
The sleeve telescopes over the spar for 
approximately 6.3 in., so that the spar 
threaded section is some distance from 
point of maximum moment on the spar. 
A pin through sleeve and spar prevents 
relative rotation. 

Dolor hub and transmission. The twin 
two-bladed rotors are mounted on shafts 
having an included angle of 24 deg. and 
spaced 23.2 in. apart at the intersection 
of the planes of the horizontal pins and 
centerlines of rotation. Horizontal and 
vertical blade-hinges are coincident and 
located at 12.8 in. outboard of centerline 
of rotation. Location of the horizontal 
hinges so far outboard permits hubs to 
be brought closer together, gives better 
blade clearance, and affords added ad- 
vantage of producing greater control 
moment for given flapping. Disadvan- 
tage is greater roughness with divergence 
of tip path plane f rom the plane normal 
to mechanical axis. This divergence 


varies with forward speed and C.G. po- 

siderable roughness in hovering if C.G. 
is such that tip path plane is not perpen- 
dicular to axis. 

Bearings for pitch axis of blade are 
located inboard of horizontal and verti- 
cal hinges, and the axis is inclined up at 
an angle of 6 deg. to centerline of rota- 
tion. Since the control is located inboard 
of hinges, it is not affected by movement 
of blade about hinges. Vertical hinge is 
parallel to centerline of rotation, hence 
is 6 deg. from normal to pitch axis. 

Vortical and horizontal hinges, ns well 
as pitch change axis, have needle bear- 
ings. Thrust bearing for pitch change 

the bearings of the hinges is about 5,000 
psi., based on nominal projected bearing 

these bearings under this loading. 

Blade dampers mounted on the verti- 
cal hinge are friction type with multiple 
steel and brass plates. Load is applied 
through a rubber disk, pressure being 
adjusted by turning the damper cap. 
Usual setting of damper gives a torque 
of 94 lb.-ft. 

Centrifugally operated droop stops 
installed on blades allow rer-up at a 
coning angle of plus 1 deg. and still 
permit the blades to flap down to an 
angle of minus 5 deg. in flight. The 
stop is a cam moved by a hinged weight, 
which flies out because of centrifugal 
force. At 110-120 rpm., the cam moves 
and allows the blade to fall to an angle 
of minus 5 deg. To set the stop for a 
coning angle of plus 1 deg., the blade 
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nnd down and out through another open- 
ing in fuselage bottom. No means of 
controlling air flow is provided. Normal 
engine temperature is 225 deg. C. (437 
deg. F.). 

Fuel capacity is 105 1. (27.8 gal.) in 
two tanks, but with two people, fuel 
load is limited to 65 1. (17.2 gal.). 

An oil sump, located under engine 
nose section, holds approximately 2 gal. 
of oil, and also serves as a tank. A filter 
cleans the oil every 2 hr. Oil consump- 
tion is approximately 1 qt./hr. 

Two carburetors are used, opening 
into the same manifold. No mixture con- 
trol or means for preheating air is pro- 
vided. 

The engine is started by utilising a 
high pressure air tank connected to the 
cylinders through a distributor, and 
with ignition “on,” fuel is pumped into 
the intake manifold. Air pressure of 200 
psi. is sufficient for warm weather and 
400 for cold. 

Conventional steel tubular engine 
mount is bolted directly to intake mani- 
fold, with no vibration absorber. 

Landing gear. Gear is of the tricycle 
type, with spring-oil shock struts. On 
the main gear, the shock strut is inclined 
inward at an angle of 35-40 deg. from 
vertical and is subject to bending be- 
cause of wheel offset. Total strut travel 


is 2.36 in. and the vertical wheel travel 
is 4.33 in. Tires are 18.32 by 6.50. Tread 
is 81.5 in. with shock strut extended and 
84.3 in. compressed. Nose wheel strut 
travel is 6.30 in. and vertical wheel trawel 
is 4.92 in. Tire is 13.80 by 5.12. Nose 
wheel is steerable, being connected to 
rudder pedals. 

The craft has been landed from verti- 
cal descents in the manner characteristic 
of autogiros (by pulling back on control 
stick after nosing down from vertical 
descent) , collective pitch not being used. 
In one such landing the tail was dam- 
aged by hitting the gronnd. Dr. Ho- 
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henemser recommends that a ground 
angle of approximately 20 deg. between 
wheels and tail is desirable for this type 
of landing. 

Body. Fuselage construction features 
welded steel tubes. Center section en- 
closing engine is metal-covered and rear 
section is fabric-covered. Body shape is 
not aerodynamically desirable, since 
tuft tests have indicated that flow sepa- 
ration (or turbulence) is so great that it 
makes much of the tail surface ineffec- 
tive. 

Although only 22 craft were actually 
constructed, plans were under way for 
production of 1,000 units as the Euro- 
pean war ended. General quality of de- 
sign and workmanship is excellent, 
although drive mechanisms, pitch-actu- 
ating governor, and controls are, in 
many instances, unnecessarily heavy and 
complicated. The combination of 140 
hp., 1,400 lb. empty weight, and 2,200 
lb. gross weight (with good perform- 
ance), indicates what can be accom- 
plished with this configuration, using n 
39.3-ft. dia. rotor. Compared with the 
tail-rotor typo craft, it has been found 
that only slightly less hp. and engine 
weight arc required, but a greater weight 
of rotors and drives, droop stop mechan- 
isms, controls, and other installations 
are necessary. 
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Manual Bending Tool 
Gives Improved Accuracy 

greater accuracy than had formerly been possible, this simple 
device may also be used for working heavy electrical cable, 
such as is installed for battery leads. 

Tool consists of a heavy base, fitted with a graduated cen- 
ter, around which material is bent. At right is a stationary 

piece at the zero-degree mark. Pivoted on lower part of cen- 
ter is movable block (left) which is rotated around center 
piece until required bend has been obtained in tubing. On 
top surface of movable block, a mark is placed to indicate 
point of tangency of tubing being worked upon. 

Designed by Carroll E. Andreon, employee of Glenn L. 

old bending methods: Greater accuracy than that usually 
specified can be obtained, time formerly lost in measuring 
angle of bend is saved, and material is no longer wasted 
through being flattened or split during bending operation. 
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Design Defails of 


Metro-Vickers F/3 Turbojet 

Ducted fan thrust augmentation is feature of new British unit 
which has 2-stage turbine compressor and two 2-stage contra- 


rotating turbines to drive fans. 
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Instrument Research 
Demands Unremitting Efforts 


By CHARLES H. COLVIN. Co «./«»» to gin.., 

This graphic account of the 22 painstaking and costly steps required 
in the successful development of an aircraft instrument — from initial 
suggestion to final factory production — clearly points up the prime 
attention which must be given to the evolution of these devices. 


B asically, the word “research” 
has two connotations: To the 
scientist it means experimenta- 
tion to establish dnta and/or test theory ; 
to the industrialist it has a broader 
meaning — coverage of all the processes 
whereby a device or material is con- 
ceived and carried to the point where 
it is ready for production. The former 
is called scientific or fundamental re- 
search, the latter applied or industrial 

There is a general pattern in all air- 
craft instrument research and develop- 
ment. It begins with recognition of the 
problem; and it ends, insofar as the re- 
search and development department is 
concerned, with the test of the proto- 
type and approval of the finally revised 
specifications and drawings. 

Sometimes the existence of the specific 
problem is initially recognized by the 
potential user— in the case of aircraft 
instruments, the military or civil air- 
craft operator. And sometimes it’s noted 
by the manufacturer, designer, or re- 
search worker. But in any event the 
real starting point of all research or 
development is the formulation of a 
clear statement of the problem. Dr. El- 
mer Sperry used to say that a problem 
well stated was half solved. Easy or 
hard, the complete written statement of 
the problem is of utmost importance. 
Many have been the man-hours wasted 
in work on inaocurately or incompletely 
stated problems. 

For example, when work was started 
on what later became the Sperry Turn 
Indicator, the problem was stated as the 
indication of lateral level. The first in- 
struments had a horizontal indicator bar 
which was to remain laterally level, un- 


der the combined influence of gravity, a 
spring, and the gyroscope. When it 
became apparent that the problem was 
really the indication of rate of turn, the 
pendulous control was eliminated, a ver- 
tical hand was substituted for the hori- 
zontal bar, and the solution became 
quite straightforward. Accordingly, only 
five years of development was required 
to put a satisfactory turn indicator into 

Once a problem has been clearly 
stated, the nature of the device for solv- 
ing it is frequently obvious. With some 
problems, half a dozen solutions may 
appear equally promising, while with 
others no answer will be immediately 

or the sales department proposes a de- 
vice which is not even theoretically pos- 

rarily give way to tact and diplomacy. 

When the general nature of the solu- 





tion has been determined, a specification 
should be prepared, though in many 
respects it must be tentative. It is de- 
sirable to divide the specification into 
three sections : Structural, performance, 
and economic. Structural requirements 


craft instrument intended for panel 
mounting, however, they must include 


mounting dimensions, weight limit, dial 
illumination, and the voltage and the 
cyoles on which the instrument is to 
operate. 

Operating characteristics and permis- 
der performance. 


Structural limitations must not preju- 
dice performance. There is, for example, 
a famous government specification in 
which the material, cross-section, diame- 


ter, and number of turns of a hair-spring 


are set forth— and then the performance 
is specified in terms of torque vs. angu- 

Permissible unit cost in an anticipated 
section. 

Rarely will it be possible to be definite 
on all points; but the more complete 
and precise the initial specification, the 
less the development cost is likely to be. 
For example, when Kollsman undertook 
the development of a sensitive air speed 
indicator (Fig. 1) it was determined in 
advance that the size should be that of a 
standard 3'/s in. case 4 in. deep, that the 
maximum calibration error could be 2 
mph., and that the price could not ex- 


ceed $50. 

Another reason for preparing the 
specification with great care is that, after 
approval by all concerned — normally, 
the customer, management, sales, engi- 


neering, . and research groups — all arc 
committed to it, and changes require 
the approval of four or five groups. 

Up to this point, the project has been 
a cooperative effort of user, seller, and 
engineer or scientist, but from now on it 
becomes the responsibility of research 
and development. 

First task is to determine whether the 
project may be solved by the applica- 
tion of known engineering principles or 
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techniques, or if it will require funda- 
mental research. Also management and 
the research director should want an es- 
timate of the man-hours of research and 
engineering likely to be required. 

Next is the preparation of a proposal 
to management. If research is indicated, 
it will be suggested that the required 
work be undertaken, to be reviewed for 
continuance or termination after x weeks 
or after the expenditure of y man-hours. 
If it appears to be a straightforward 
engineering job, it will be estimated that 
the work can be done in x weeks using y 
man-hours. Generally these estimates 
wiU be broken down into drafting, lab- 
oratory, experimental shop, and flight 
test time. 

Now comes management’s big decision 
— to risk or not to risk. A wrong de- 
cision made promptly may cost less than 
the right decision too long delayed. Fre- 
quently, approval must also be secured 
from the customer, and he also will do 
well to act quickly. If a project can 
be started while the preliminary study is 
still fresh, much time is saved. 

Once approved, and with funds ap- 
propriated, the project returns to the 
research and development. A detailed 
study is made and the project is broken 
down into its essential components, each 
of which is allocated to an individual 
or group for study. It is not unusual 
for one or more phases to be entrusted 

An excellent example of such a com- 
ponent study is to be found in the de- 
velopment of the Kollsman electrically 
heated pitot static tube (Fig. 2). Basic 
divisions of the project were aerody- 
namic, structural, and thermal. The 
group studying aerodynamic problems 
called on the NACA and on the AAF 
for assistance. The structural group 
studied methods of fabrication, an 
electro-depositing process having been 
settled upon as most promising. The 
thermal studies were made in coopera- 
tion with the Goodrich Co., employing 
that company’s icing wind tunnel. 

The Pioneer Air Position Indicator 
provides another good example. This 
project was allocated among staff mem- 
bers, who thereupon studied the separate 

adaptation of compass indications, and 
computing mechanism. 

Completion of such studies should 
bring the project to Hie point where a 
preliminary layout can be started. If 
not, it is a good time to reappraise the 
whole undertaking, and to tell the man- 
agement the bad news, either getting an 
extension of time or funds, or both— 
or agreeing that it is one of those un- 
fortunate projects that had better be 
abandoned before any more time and 


divided into aerodynamic, ' thermal, and tin 


Assuming that the study and re- 
assembly of the components has indi- 
cated a clear path to be followed, the 
preliminary design is then undertaken. 

This leads to, or may be concurrent 
with, the construction of a “breadboard” 
model or a mockup, the tests of which 
will provide data for the design of the 

Examples of such models can be 
drawn from everyone's experience. 
Either of the Fairchild versions of the 
A.P.I. might be cited. In the mechani- 
cal device, a rough sample gear set was 
built up with the necessary differentials, 
with a variable throw ratchet controlled 
by a cosine mechanism. In the electrical 
system the various elements were sim- 
ilarly strung out on a board. 

For many instruments, a wooden or 
plaster mockup aids in the placement 
of control knobs and other elements, 
for best visibility or for greatest con- 

Depending on the nature of the de- 
vice, the model may or may not have a 
olose relation to the final form of the 
apparatus. Here is found a wide differ- 
ence of opinion as to the desirability of 
attempting to introduce production 


tunl section s. NACA aid AAF were also "called 
was performed in Goodrich icing wind tunnel. 


production engineer be brought in at 
this stage so that the ultimate design 
may be easier to build. Others feel that 
the men who do research, development, 
and experimental work are better left 
uninhibited. To the production man any- 
thing new is suspect, while it is the job 
of the researcher to do new things or to 
do old things in new ways. 

To quote from Professor Bichowsky’s 
excellent book on industrial research : 
“The primary difference is in point of 
view. The research man, if he is worth 
anything, must be able to find the grain 
of gold in the pan of gravel; the pro- 
duction engineer must be able to see the 
fly in the ointment.” Better results have 
been obtained by keeping the produc- 
tion engineers in the background at this 
stage of the project. A more important 
consideration is the possibility of build- 
ing the experimental design quickly and 
easily with available facilities. 

Next comes construction of the experi- 
mental unit which, if the company be 
well organized, will be in an experi- 
mental shop. 

With completion of the experimental 
unit, which will probably be assembled 
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Develop Potent Rocket Engine 

For Navy's Supersonic Planes 




LIQUID MASS MEASUREMENT 
UPS FUEL GAGING ACCURACY 


By CARL H. ODELL, Assistant Manager, Inhuman! Division, 

Thomas A. Edison Most, las 

Increased payload — instead of extra fuel — is only possible when tank 
gages can be depended upon to give accurate readings. Described 
here is new device which approaches optimum in liquid measuring 
through electronic determination of C. G. of liquid at any airplane 
position. 


E ven in the days when airline travel 
seldom comprised non-stop dis- 
tances of over 1,000 mi., study of 
the effect of fuel weight on payload was 
a full time job for competent engineers. 
Now that transocean flights have become 
commonplace, this subject is of para- 

field. P P 

A considerable proportion of the ex- 

long distance flights would not be re- 

contcnts of the tanks while in motion 
could be overcome. It has been estimated 
that a fluid measuring device which 
would enable this excess fuel weight to 


additional payload revenue of $2,500 on 
an Atlantic round trip. 

Though closer accuracy can be ob- 
tained by measuring weight, rather than 
volume, this method is not applicable to 
moving aircraft, but a near approxima- 
tion to the true contents of a tank can 
be had by measuring mass instead of 
cubic contents. 

Mass determination by capacitance 
change indication has recently been used 
for fuel measurement with a high degree 



has been eliminated. 

The Edison Liquid Gaging System is 
fundamentally a capacitance bridge with 
a ratiometer across the bridge (sec Pig. 



1). One leg of the bridge comprises 
the measuring condenser plates immersed 
in the liquid to be measured, while the 
second leg is a fixed condenser used for 
reference. The other two legs are the 
R.F. coils in the vacuum tube circuit 
(see Fig. 2). 

Capacitance of the fixed Reference con- 
denser is equal to that of the measuring 
condenser when fully immersed, but any 
lesser amount of liquid in the tank will 
produce unbalance between the two legs 
of the bridge, this differential being used 
for the purpose of operating the indi- 

A test circuit and water detection cir- 
cuit incorporated in the indicator arc 
actuated by pressing a button, thus pro- 
viding the pilot with a means for check- 
ing the functioning of the gaging cir- 
cuit at any time, and without interfer- 
ence with the flow of fuel to the power 
plants. 

Absence of any moving parts (except 
the moving magnet in the indicator) and 
the use of micro-ampere current give 

un«, me 
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Unit System of Ignition 
Aims at Better Performance 



Instrument Shock Mount 
Adapted for Personal Planes 





Case For The Full-Pneumatic System 


By JAMES L. DOOLEY, Project Engineer, Harvey Machine Co. 

Concluding his cogent presentation, the author analyzes system weight 
factors, outlines service and experimental air usages, and finally 
details typical air systems for large twin-engine and light single- 
engine craft. 



because of contraction during cooling, 
n nd the energy available is thereby 
lowered, but the unit can be recharged to 
full pressure. 

Weight comparisons of rotary motors 
are shown in Pig. 16. All of the elec- 
trical units are for intermittent duty, 
whereas the hydraulic and pneumatic 
motors can stall under load and stand 
without damage. Pneumatic motor size, 
even for low pressures (90-250 psi.), is 
small — a 6-bhp. 8,000-rpm. vane type 
motor using 250 psi. air pressure being 
of about 2 ’/£ in. dia. and 4y2 in. long. 

A pneumatic cylinder will weigh 
slightly more than a hydraulic cylinder 
(less oil) for the same job because built- 
in lubrication is required and, also, the 
diameter is larger. Contrary to the 
condition in hydraulics, where the weight 
of oil in a cylinder varies inversely with 
the design operation pressure, pneumatic 
cylinders require the same weight of air 
to handle a given force and stroke re- 
gardless of design operating pressure. 
Higher pressure cylinders are smaller 
and have less volume, but the air is more 
dense. 

For example, the handling of 10,000 
lb. force with 1-ft. stroke requires a 5- 
in. bore and 500 psi. air pressure, with 
cylinder volume of 240 ou. in. at this 
pressure (0.35 lb.). The variation in 
metal-weight of cylinders with pressure 
depends upon so many factors, including 
the whim of the designer, that it is diffi- 
cult to make a direct comparison. In the 
range from 300 psi. up, it has been 
found that properly designed large-bore 
low-pressure cylinders are only slightly 
heavier than small-bore high-pressure 
units for the same job. 

Most cylinders are designed to with- 
stand full receiver pressure even though 
satisfactory operation requires much 
less. Obviously, for this low pressure, 
large-bore-cylinder steel walls of proper 
thickness are, from the stress viewpoint, 
much too thin to he practical in manu- 
facture or use. This indicates that 
aluminum, magnesium, or even plastic- 
bonded material should be considered to 
obtain minimum cylinder weight. Some 
of these materials may stand up without 
lubrication and be corrosion-resistant. 

Aircraft Uses of Air 

There are three major factors which 
influence the design and application of 
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21. Signal horn.’ 

22. De-icer boots.* 

23. Engine controls.* 

24. Floats. 

25. Automatic pilot (all pneumatic).* 

26. Remote reading pressure gage. 

27. Propeller fcatherers. 

Employment of compressed air in all 

of the ioregoing items falls into one of 
the following classitications of applicu- 

1. Linear motion. 

a. Non-positioning. 

It. Positioning. 

c. Boosting (follow- up positioning 
with load feel). 

2. Rotary motion, 
a. Unidirectional 
h. Dual rotation, 
e. Positioning. 

d. Boosting. 

3. Displacement. 

4. Signaling. 

5. Direct application of air jets. 

It is almost essential that the load- 
stroke characteristics of an installation 
he known before the best type of control 
for tile cylinder can be selected. Since 
cylinders and pistons are generally used 
for linear motion, let us consider the 
various means of controlling them. With 
pneumatic damping or snubbing, two 
basic types of air cylinders are used : 

1. Light air cylinders, where control is 
such that normally no pressure is ap- 
plied and cylinder is at atmospheric 
pressure. When operation is initiated, 
pressure is applied to one end of cyl- 
inder (only until movement is com- 
pleted), then it is withdrawn. This fre- 
quently allows cylinders to he made with 
little or no packing, without serious 
leakage, since air pressure is only ap- 
plied for very short periods. 

2. Dense air cylinders, where air 
pressure is always applied to one side 
of piston or other. Better cylinder and 
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Fig. 20. Sketch thawing application o t cylinder 


packing design is required for this type. 
In some applications, better control of 
piston movement and/or simpler valving 
is afforded. When pressure is required 
to hold piston at either end of its stroke, 
dense air cylinders are used. 

To control cither of these cylinders, 
compressed air is metered to one end 
of the cylinder while the exhaust is 
metered out the other end. In the dense 
air cylinder (here is always adequate 

light air cylinder, where only atmos- 
pheric pressure is present on the “down” 
side of the piston, there is not enough 
cushion air to meter out to insure smooth 
operation. This is especially true where 
fast action, such as opening of bomb bay 
doors, is desired at high altitudes. 

To prevent such condition, some com- 
pressed air is put into one eud of the 
cylinder for cushioning, before air is 


applied to the opposite end for move- 
ment This may be accomplished by 
using, 1. solenoid valve with automatic 
delay and reversal, as shown in Fig. 17a, 
2. manual valving, or 3. automatic pneu- 
matic one-shot snubbing valve as shown 
in Fig. 176. For movement to the right 
(see figure), full air pressure is applied 
at (A), from where it flows unrestricted 
through valve (R), filling the right end 
of tile cylinder to, say, 100 psi., where- 
upon it closes and stays closed until all 
pressure is removed. At the same time, 
air is being metered into the left end of 
the cylinder through a restrictor. As 
this pressure increases and the cushion 
charge in the right side is metered to 
atmosphere, the piston moves slowly to 
the right under most load conditions. 
The air lost in this cushioning charge is 
negligible. 

There are some load conditions where 
pneumatic cushioning cannot be used. 
Air cylinders can be built with integral 
hydraulic (Fig. 18) or mechanical snub- 
bing, widening the scope of application 
considerably. 

The foregoing discussion applies 
mainly to full-stroke non-positioning 
applications. Positioning jobs can he 
handled with air cylinders when there 
is no tendency to flutter or where the 
fluttering is sufficiently damped. Here, 
again, small built-in hydraulic control 
can be used with the air cylinder for 
power, where damping is required. A 
pneumatic motor with reduction and ball 
bearing jack screw can be used, but 
usually is heavier and more costly. 
Special cylinder and control equipment 
is available in the industrial and marine 
fields to do this remote positioning with 
only one interconnecting control air line 
find an air power supply line. This is 
being adapted to aircraft work and 
already is used experimentally for con- 
trol of multiple engines. 

In some cases, a single mid-position is 
all that is required — as in wing flap 
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limit the pressure drop in most cases to 
'A-% maximum permissible receiver 
pressure. For example, a system de- 
signed for 1,000 psi. maximum storage 
pressure would have landing gear re- 
traction cylinders that would function 
satisfactorily on about 600 psi. applied 
pressure, thus permitting a 400-psi. 
pressure drop, in the receiver, from 
which to get power. When a cylinder is 
designed large enough to function on 400 
psi., and full receiver pressure is applied 
to it, not only is the speed of operation 


There are four basic types of pneu- 
matic motors: 1. Reciprocating piston — 
in-line, radial, "V”, barrel, and others; 
2. rotary vano; 3. turbine — usually im- 
pulse type; and 4. gear or lobe. 

These units are well-known, hence will 
not be described here. Typical perform- 
ance characteristics of the first three 
types are shown in Figs. 21, 22, and 23. 
The gear types are not generally used 
as motors because of leakage and ineffi- 
ciency. Many types of small air motors 
are in mass production for hand-held 
pneumatic tools. These units compare 
very favorably on a weight basis with 
other aircraft motors (Fig. 16). Some 
models may be used for aircraft installa- 
tions, but not all types are 100% positive 
starting and others will not run withont 
lubrication; hence, proper selection 
should be made. 

Pneumatically released brakes are fre- 
quently applied to air motors and tur- 
bines for industrial hoists, and similar 
equipment could bo used for aircraft 
service if the need arises. 

To eliminate the large lines required 
to handle the exhaust air from n re- 
motely controlled reversible air motor, a 
small reversing valve, as shown sche- 
matically in Fig. 24, may be used. This 
simple slide valve diverts Hie exhaust to 
atmosphere, right at the motor, hence 
the long air lines need only be large 
enough to handle the high pressure 
motive air. 


In addition to the obvious displace- 
ment uses of air, there are jobs thnt 
employ an open air jet because the air 
is not returned to the system after use. 
Typical of these is the ejector shown 
schematically in Fig. 25. Here, air is 
used as motive power to compress the 
inlet air or to pump a liquid, such as 
bilge water. Another use of high velocity 
ah’ is for cleaning windshields — par- 
ticularly curved installations where the 
normal blade wiper cannot operate 
properly. In this case a small jet of 
high pressure air is directed over the 
area to carry away the water and dirt. 


Fluids used to prevent icing can be 
blown on the windshield, the air blast 
not being seen by the pilot. 

It is desirable to keep a pneumatic 
system right, not only to maintain the 
pressure for the brakes when parked, 
but also to have as much air available as 
possible for starting the engines. A 
pressure-tight system con be achieved 
with a properly designed system. It 
should be noted, however, that a leaky 
system is not hazardous, merely incon- 
venient One of Hie greatest sources of 
leakage is the valves — unless they em- 
body soft scats, are of the poppet type, 
and are not perfectly balanced (that is, 
some seating force is required). Metal- 
to-motal seated poppets and spool- or 
sliding-valves have never been made 
completely pressure-tight on air. Fig. 
26 shows the relative amounts of power 
that can be dissipated through small 
leaks in pneumatic and hydraulic sys- 
tems. Obviously no such power loss can 
be tolerated continuously. 

Sliding seals in hydraulic-system 
valves may be satisfactory, but in a 
pneumatic system, where there is little 
or no lubrication, experience indicates 
that sliding seals cannot bo used in 
closely balanced valves because of even- 
tual stickiness. Tbo present hydraulic 
valving on the market can only be used 
satisfactorily for air when it meets the 
requirements indicated above. 

Pressure Reducing Valve 

To store pneumatic energy in a re- 
ceiver, the pressure must be higher than 
that required by the various devices 
using air. The greater this permissible 
pressure drop, the more efficiently the 
receiver is used. Practical restrictions 



Fig. 25. Diagram of air jet ejector pump. 



slightly faster but much more air is used 
than is necessary. 

This extra air is particularly objec- 
tionable when several operations of the 
cylinder are desired with no compressors 
in operation, all air coming from the 
receiver. To conserve this extra air, a 
simple reducing valve is installed that 
maintains 450 ±50 psi. downstream. 
In most applications of this nature, 
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ruggedness, simplicity, nnd lightness in 
the valve are more important than ac- 
curacy of control. Safety valves should 
be installed on the downstream side of 
the valve unless all equipment is de- 
signed for full working pressure. 

Typical System! 

Fig. 27 shows a pneumatic system 
layout for a large twin-engine plane. 
Main lines and receivers are all in dupli- 
cate to reduce vulnerability and enhance 
reliability, and a separate receiver is 
available for emergency brake applica- 
tion. Either compressor may charge the 
entire system, or either half of the 
system. The receiver selection valve will 
divert flow of air to the intact receiver 
should the other be damaged, and the 
latter will automatically be recharged 
and put into service when it is repaired. 
In this layout, pneumatic control is 
carried to the pilot, but solenoid oper- 
ated valves could be used, if desired, 
although they are much heavier. Brake 
valves are provided for both pilot and 
co-pilot, but it is assumed that the other 
controls would be on a common control 
stand. Bomb bay doors are controlled 
electrically with a solenoid valve. Ap- 
proximate line sixes are also shown. 

The tailskid uses the air in the cyl- 
inder not only for extension and re- 
traction hut also for cushioning, when 


extended. This eliminates a heavy and 
expensive oleo shock-absorber or spring. 
Manual cowl flap control is shown, al- 
though automatic control is easily ac- 
complished. 

In contrast, Fig. 28 shows a typical 
pneumatic system for a small four-place 



Fig. 28. Schematic diagram ol pneumatic lyi- 


175-bhp. single-engine personal plane. 
Reliability, low cost, and simplicity are 
imperative here. The system is designed 
for engine starting, landing gear opera- 
tion, and wing flap control. Weight is 
about 40 lb., and cost is below that for 
competitive methods for doing these 
jobs. 

A ground filling connection is pro- 
vided so that the receiver may be charged 
from any tire filling station, and a man- 
ual pump is included for an isolated 
start when air pressure has been spent. 
Only about 50 psi. is required for a 
normal temperature start. Normal max- 
imum system pressure is 200-300 psi., 
since a single stage compressor is used 
for simplicity. 

In all planes — especially small craft — 
pneumatic power works hand-in-hand 
with a-c. hi-cycle electric power. Pneu- 
matics are at their best where a.c. sys- 
tems are not feasible. Conversely, a.c. 
systems are best for radio work, where 
air cannot be used. There has been con- 
siderable attention given recently to 
lightplane constant-voltage variable- 
frequency hi-cycle a.c. systems for rea- 
sons of weight-and-cost reduction. Pneu- 
matics complete such a power system. 

The several advantages we have here 
considered— notably that of weight sav- 
ing — predicate an increasing use of com- 
pressed air in aircraft. 
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Strain Analysis Quickly Finds 
Formability Limits* 

FART II 


A the method for predict 

bend radii was made on 0.064 in. 
Alclad 24ST, Alclad 75ST, and R 301T 
aluminum alloy specimens. 

Bend tests on various width specimens 
were performed on a power brake in 
which the radii were varied in 1/32 in. 
steps. The specimens were bent 90 


>f By GEORGE GERARD. Senior Recearch Engineer. Republic Aviation Corp. 

Concluding article of this pertinent series, giving application of 
strain analysis to joggling by means of both formulas and experi- 
mental results. 


o differs 


o the m 



hnial elongation due to joggling. s - *9«emeirf between theory and h 


tl minimum R/t with width. 
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Tensile strains from joggling are as- 
sumed to be confined to the joggle length 
S. Therefore, from Fig. JOb: 
e = VS 1 + J’ - S 

The axial strain is obtained by divid- 
ing hy S 

■■■■■■ -fi?-' <■» 

Hy use of the binomial expansion, Eq. 
1 1 reduces to 





when J/S is in the range of joggle di- 
mensions usually employed. 

Summing the tensile strains from 
bending, Eq. 3 (Part I) and axial load, 
Eq. 12, the maximum tensile strain 



The joggle angle, 0, is identical to the 
angle of bend of Eq. 4. From Fig. 10b : 

S - tan"' • (14) 

Figs. 11a and lib have been prepared 
to simplify solution of Eqs. 13 and 14. 
On Fig. 11a, the tensile strain from 
bending is plotted as a function of the 
ratio of neutral axis radius to sheet 
thickness. Fig. lib depicts the axial 
tensile strain as a function of the joggle 
dimensions, J/S. A plot of the angle 
0 has also been included. 

Photogrid Survey 


tion). The basic curves, corrected for 
widths of 1 in. and 100 in., include the 
correction for the cladding thickness 
given by Eq. 7 (Part I). These data 
were then plotted nomographically, as 
shown in Fig. 6 of our article “Determin- 
ing Bend Radius — Via Analytical Ap- 
proach” (page 155 of Mar. 1945 
Aviation). And using this method, 
minimum bend radii for the different 
widths were computed. 

Test and Theory Check 

Theoretically determined radii are 
presented on Fig. 9 together with ex- 
perimental data. Agreement of Alclad 
24ST data is good, although for the 
other two alloys the variation of It/t 
with width as predicted by theory is 
conservative as compared to test results. 
In all cases, agreement between test and 
theory is very good at small width values. 
The latter points were established from 
the basic bend analysis and are negligibly 
affected by the empirical correction es- 
tablished for the width effect. Further 
study of the width effect may alter Eq. 
8 (Part I) so as to bring the width 
variation of bend radius in closer agree- 
ment with test results. 

The basic agreement among the results 



3/t< « % joggle. 


To check the basio assumptions of the 
analysis, photogrid surveys were made 
along the centerline of several joggles. 
A strain distribution along the joggle is 
shown in Fig. 12. The survey indicated 
that the forming strains imposed in jog- 
gling are confined to the joggle length S 
and that maximum tensile strains are 
attained at the bend at which point 
cracking usually occurs. 


indicates that in spite of the complexi- 
ties inherent in a theoretical solution of 
this problem, rational results can be 
obtained by the methods employed. 


Joggling 

A rather interesting application of the 
strain analysis method is the extension 
of the minimum bend radius work to the 
analysis of a joggle based on the assump- 
tion that failure will occur at the bend. 
Furthermore, the strain in the region of 
curvature is composed o' 


Experimental Data 

A further check on the analysis was 
performed by determining joggling 
limits on some 0.072 in. thick Alclad 
75ST “Z” stringers joggled at room 
temperature. The neutral axis radius of 
the joggle was 0.276 in. Thus, 



Results of the shop joggling tests and 
those predicted by the analysis are pre- 
sented in the accompanying table. 


bending, superimposed upon a uniform 
tensile strain distribution caused by 
stretching of the metal in the joggle 
length S in Fig. 10a. Maximum tensile 
strain from bending is determined as be- 
fore, with consideration of width effect. 


J. Gerard, G.. "Determining Bend Radius 
Via Analytical Approach", Mar. 1945 
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Controllable Lightplane Prop 
Is Easily Adjusted and Serviced 


W ITH THE ADVENT of higher wing 
loadings in the personal plane 
field, aircraft propeller designers 
saw realization of notable takeoff, climb, 
and cruising economies through use of 
controllable pitch propellers in place of 
the solid ones formerly fitted. Latest of 
this type is the Skypower propeller 
made by Continental Aviation & Engi- 
neering Corp., Muskegon, Mich. This 
unit is for firm’s 65-85 hp. engines. 

There is a natural desire to maintain 
comparatively low prices for single-en- 
gine lightplanes, hence use of a pro- 
peller of the more complex type, such 
as used on the larger multi-engine 
aircraft, has not been considered, for it 
would represent a cost too high in pro- 
portion to the total. Therefore, a 
simplcr-form airscrew was sought. 

The propeller here described is actu- 
ated by two stationary expansion cham- 
bers— shown at (4) and (5) in Fig. 1 — 
either of which can be connected to, and 
extended by, oil from the engine lubrica- 
tion system, while oil is withdrawn from 
the other chamber. Between these is a 
stationary disk attached by a ball bear- 
ing to a sleeve which is linked to the 
rotatable blades. By moving a simple 
four-way valve, the pilot con direct oil 
pressure into whichever expansion cham- 
ber he desires, thereby rotating the 
blades into high or low pitch. Because 
there are no rotating oil joints or seals, 
positive action is assured and danger 
of leakage is absent. 

Referring to the details in Fig. 1: 
Rotating blades (1) are carried on bull 

pilch actuator , (6) high pitch oil line, 
actuator ball thrust bearing, (9) mounting 

(IS) link. (16) attitude adjustment, (17) 
renewable bolt bearings, and (18) ferrule 


Specifically designed tor the lower horsepower range, Continental's 
new two-position Skypower airscrew is readily installed without use 
of special equipment. Here, the simplicity of its operation and of 
its maintenance is carefully detailed. 
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hearings (17) which may be renewed 
without removing blade from ferrule 
(12). On circumference of ferrule is 
adjustable fixture (15) which transmits 
motion to the blade. The position on 
the blade of these fixtures may be 
changed — while stationary — to make 
high and low pilch positions of the 
blades conform to the requirements for 
the varying atmospheric conditions ob- 
taining at different airport altitudes. 

Connected to an arm on each ferrule 
is link (15) which rotates the blades 
when transfer unit (10) is moved back 
and forth by expansion of either low 
pitch actuator (5) or high pitch actu- 
ator, (4), which are connected by their 
respective oil lines (6) and (3) to the 
engine oil system. Motion of actuator 
(10) is transmitted through ball thrust 
bearing (S) to a collar which slides on 
outside of hub and is attached to one end 
of each link (15) controlling blade rota- 

From the foregoing it will be seen 
that the entire oil system is closed and 
has no wearing parts, with the exeeptiou 
of the slight motion of the actuator 
against the casing, a movement which 
oecures only at the time when blade 
pitch is changed, the total travel being 
only a fraction of an inch. 

Propeller Installation 

On earlier Continental engines it is 
necessary (see Fig. 2) to machine the 
front end of the crankcase and drill 
and tap four Vi-20 holes for capscrews 
which hold the mounting plate bracket. 
Tapered bore of hub and mating sur- 


face of shaft are then given an even, 
light coating of clean grease, after which 
the propeller assembly is placed on the 
shaft, care being taken to align the key 
and keyway. In this operation it is es- 
sential that the oil connection — shown 
at (12) Fig. 3 — be on top. 

Entire assembly is then slid back un- 
til the hub nnt — (13) in Fig. 1 — can be 
engaged. While doing this, the four sup- 
porting studs — (9) in Fig. 1 — are 
aligned with the corresponding holes in 
the brackets. The hub nut is then tight- 
ened with a round bar, and nuts are 
placed on mounting plate studs. At this 
point the machined pilot-face of the 
mounting plate should be checked to 
make sure that it fits squarely against 
the machined face of the crankcase. 

Control Valve and Oil Lines 

For installation of control valve and 
oil lines refer to Fig. 3. Four-way valve 
and its bracket assembly is mounted on 
top of engine at (5), being secured 
by crankcase bolt (9). Two pipe plugs 
at (11) and (12) are removed, and 
straight tube connectors (supplied with 
propeller) are inserted in the openings. 
All threads on these and other connec- 
tions should receive an application of 
non-hardening oil-resistant sealing com- 
pound. The two end threads on all in- 
ternal joints should be kept free from 
sealing compound, because this material 
has a tendency to creep while the joint 
is being tightened, and any excess com- 
pound would enter the engine-oiling sys- 
tem. Being oil-resistant, sealing com- 
pound will spread upon and clog screens. 


The pipe plugs are of no further use 
until the unit is disassembled at a future 
date, when they should be used in their 
original positions to prevent entrance of 
dirt This precaution also applies to 
the four protector plugs removed from 
the four-way valve, at (3), (4), (6), 
and (7) to permit installation of straight 
tube connectors, this being the next step. 

Remove pipe plug from front crank- 
case left side oil header at (11) and in- 
stall the % to Vs reducer bushing and 
connector elbow provided with propeller. 

Next remove breather elbow (15) and 
drill and tap Va pipe thread at (16), 
then replace. Connect four oil lines in 
following order : Constant pressure line 
(10) from crankcase at (11) to valve 
at (6) ; alternating pressure line (8) 
between valve at (7) and actuator at 
(12) ; line (14) — carrying alternating 
pressure — from valve at (3) to actu- 
ator at (13) ; and drain line (1) which 
returns oil from valve at (4) to breather 
(15). In applying sealing compound 
to these eight joints, same methods and 
precautions should be used as were indi- 
cated for installing pipe connections. 

Control cable and bracket are then 
installed, bracket being held by crank- 
case bolt, with eye on bracket turned 
toward case. Drill % hole through in- 
strument board and firewall and as- 
semble control cable through the hole. 
Clamp tubular cable jacket in clip and 
connect wire to four- way valve at (2), 
first pushing knob on instrument panel 
inward until it touches surface of panel, 
also moving control lever on valve to full 
forward position. Under these condi- 
tions, blades will assume low pitch posi- 
tion when, later, oil pressure is applied 
by running engine. 

Inspection and Checking 

With propeller control set in low pilch 
position by pushing knob on instrument 
board forward ns far as it will go, start 
engine and check all tube connections 
for tightness. Any leakage can be bet- 
ter observed if all joints have been wiped 
clean before starting. If leakage ap- 
pears at tube connections, they may be 
tightened cautiously, but if any oil seep- 
age appears around points where connec- 
tions have been screwed into the crank- 
case or valve body, the pipe joints must 
be loosened before these parts are fur- 
ther tightened. It should be remembered 
at all times that pipe fittings, though 
amply strong for the work they have to 
do, are easily broken by application of 
too much force when tightening. In 
many cases the damage will be in the 
form of invisible cracks, which become 
permanent leaks as soon as oil pressure 
is applied, grounding the plane until 
these fittings are replaced. 

With wheels blocked, run engine at 
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full throttle and check rpm. on tachom- 
eter, comparing this speed with take- 
off rpm. specified by manufacturer. It 
should be remembered that a two-posi- 
tion propeller, when running on the 
ground in low pitch, will impose a 
slightly greater load on the engine when 
in clrnb or level flight and, therefore, en- 
gine rpm. will be lower on the ground 
than when in the air. Consequently, 
ground rpm. of prop should be adjusted 
to permit maximum engine speed in 
climb, otherwise if propeller is adjusted 
on the ground for maximum speed there 
will be danger of excessive rpm. in flight. 

To accomplish this adjustment to give 
best possible flight results, it may be 
necessary to make several short test 
flights. If rpm. is too high or too low, 
blade angle should be changed until 
speed is correct. 

One degree of change in pitch angle 
will change speed approximately 90 
rpm. This faet greatly simplifies blade 
angle adjustment, because angle of 
change can be figured by dividing 90 into 


the difference between actual and de- 
sired rpm. 

Angle of blade is measured by means 
of a bubble protractor or inclinometer, 
using the following methed: (a) Turn 
propeller to horizontal position, (b) 
place blade in low pitch position, and 
(e) hold protractor against blade at ref- 
erence line marked on driving face at 
edge of plastic coating, making a record 
of reading. To guard against false read- 
ings because of position of plane on 
ground, turn second blade, before meas- 
uring, into position occupied by first 
one when its angle was measured. For 
instance, if blade No. 1 was measured on 
the right hand side of plane, then the 
second blade should also be measured 
in that position. 

To change pitch angle, set protractor 
to angle required, then remove lock-wire 
from capscrews — (2) in Fig. 1 — which 
hold link fitting (16) to ferrule. Loosen 
capscrews and turn blade to correct 
angle, checking with protractor on ref- 


Turn propeller half a revolution to 
bring second blade into same position 
and repent blade adjustment, also check- 
ing this blade with protractor. Tighten 
cap-screws with torque wrench to 60-70 
in.-lb. Then check angle of both blades 
again with protractor and, if correct, 
lockwire the capscrews. It is essential, 
for balance, and therefore flying effi- 
ciency, that the angle of both blades 
should be exactly alike. Compensation 
for operation at higher altitudes is also 
made in this manner. 

Lubrication 

“Lubriplate” ball bearing grease, or 
its equivalent, should be used for lubri- 
cating this propeller. Requiring atten- 
tion are: One point on each blade fer- 
rule, four on linkage pins, and one on 
actuating unit. Ferrule fittings need no 
attention between overhauls, but others 
should be greased every 25 flight-honrs. 
New propellers are completely lubricated 
before shipping, hence require no fur- 
ther servicing before installation. 
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MAKES NORTHWEST 


UNITED STATES 




THE NATION’S SECOND OLDEST AIRLINE 






1947 Tomorro w's Northwest Airliners will begin service early in 1947. Already purchased, ten of 
these giant 80 passenger Boeing Stratocruisers are being built for swift 340 miles-an-hour transconti- 
nental service. And Northwest has applied for certification to send these big ships clear to the Orient. 


RUBBER COMPANY 




p/o/v&x. mo. /s "us: 


“U. S.”, whose pioneering of i - ayon and 
nylon cord bodies was the beginning of 
the truly modern airplane tire, is geared 
to provide the finest service wherever 
airplanes fly. 

Whether for Northwest’s new luxury 
Boeing Stratocruiser, or for the smallest 
private airplane, U. S. Royal Airplane 
Tires are designed, engineered, and built 


to provide strength, stability and 
security. 

Across the skyways of the world, 
U. S. Royal Airplane Tires of superior 
design cushion every landing and every 
take-off. 


TIRES 



R. I. FIRM DEVELOPS 
TWO NEW UTILITY COPTERS 



D esigned for low-cost, utility, and 
ease of operation two new small 
helicopters are under development 
fay Helicopter Engineering & Construc- 
tion Corp., of 2735 Pawtucket Avc., 
East Providence 14, R. I. Model 100, 
slated to be a single-placer, is now being 
built at Allen School of Aero at the 
state airport, Hillsgrove. And Model 
101, intended to seat two, will be very 
similar in layout to its predecessor. 

Flight tests of Model 100, which is to 
have a 200-lb. baggage capacity, are ex- 
pected to start in about two months. 
The craft will have a steel tube fuselage, 
covered with light plywood skin and 
fabric. A Continental A-75-9 engine of 
75 hp. at 2,300 rpm. will be mounted just 
behind the cabin. A fixed tricycle land- 
ing gear is to be utilized. 

Radius of the three-blade main rotor 
is given as 9.75 ft., while power loading 
is put at 10 lb./lip. and disk loading at 
2.5 Ib./hp. A tip speed of 400 fps. is 
given, while solidity ratio is to be .00. 
Anti-torque rotor is to be of 2.25-ft. 

Model 100 Performance 

A top speed of 100 mph. is contem- 
plated for Model 100, which is to have 
a gross weight of 750 lb. and an empty 
weight of 350 lb. Maximum rate of climb 
is planned at 1,200 fpm., while maximum 
vertical rate of climb is to be 650 fpm. 
Descent velocity during autorotation 
along the flight path is giveu as 1,800 

Components for Model 101 have been 
designed to be similar to those of the 
earlier craft. However, fuselage and 
transmission will vary slightly iu that 
different placement of the main rotor 
gear box is necessary to provide accom- 
modation for the passenger, who is to 
be seated at the C.6. 

Utility seen by the company for the 
one-placer includes its use by salesmen 
and for moil delivery from post office 
to airport. A price of about $2,000 is 
under consideration. 


Helicopter Engineering & Construction Corp. is building one-placer, 
to have 100-mph. top speed with 75-hp. Continental. Also scheduled 
is two-seater of similar layout. These craft, aimed at low-price field, 
are planned for simplicity of operation. 
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FRENCH S.O.-30R BELLATRIX 
IS SWIFT NEW AIRLINER 
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They've ALWAYS been dependable 
Cables ‘Fittings 'Assemblies 



American Chain & Cable originated Swaged Terminals and the 
Preformed Aircraft Cable that made them possible. Thus the 
names TRU-LAY Cable and TRU-LOC Fittings are the oldest names 
in the industry. Their dependability has never been questioned. 


ECO 


6-235 General Motors Building, Detroit 2 • 695 Bryont Street, Son Francisco 7 • Bridgeport, Conn. 


AUTOMOTIVE AND AIRCRAFT DIVISIC 
■— uii.te AMEDITAM i*LI A 1 M D /*AQIC 

IN 
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Heavily Gunned XA-41 
Was Groomed as Ground Strafer 



AVIATION, June, 



CKERI 


On its LOCKHEED CONSTELLATIONS 


Illustrated below are various types of Vickers 
hydraulic units used on Lockheed Constellations now 
being flown by TWA. 

Vickers Variable Volume Piston Type Pump auto- 
matically delivers volume of fluid required by main 
hydraulic system . . . never is an excess of fluid 
pumped. An integral pressure control automatically 
and continuously maintains the desired pressure 
independent of varying volume demand and of 
engine speed. Volumetric efficiency and overall effi- 

Vickers Hydraulic Motors are used for wing flap 
operation because of their high starting and running 


torque. They con be stopped accurately to position 
... no clutches or brakes are needed. The very low 
inertia of their moving parts permits instantaneous 
starting and stopping. They have exceptionally high 
horsepower/weight ratio. 

Vickers Relief Valve, Unloading Valve, and Accu- 
mulator are used in the auxiliary flight control 
booster system. Relief Valve has a pilot operated 
piston resulting in smoother operation and greater 
accuracy. Accumulator has a very high volume/ 
weight ratio. Write for Bulletin 45-41 for additional 
information. 


VICKERS Incorporated . 1462 OAKMAN BLVD. . DETROIT 32, MICHIGAN 

Engineers and Builders of Oil Hydraulic Equipment Since 1921 



AVIATION, June, 


AVIATION'S 
SKETCHBOOK OF 




Interior view of Grumman F6F Hellcat 
fuselage looking aft. showing elevator 
and rudder control cables and hori- 
zontal structural members for support 
of radio and other equipment. 




Wing of F6F attaches to fuselage at cutout 
below firewall (A), with front spar being 
bolted to fittings, as at IB), and rear 
spar to fittings located inside fuselage at 
points (C). 
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The bare facts 
about ball bearings 


1 o 

2 0 




nothing rolls like a ball 

NEW DEPARTURE 

BALL BEARINGS 


Rugged New Departure 
Ball Bearings lick friction 
with free-rolling, tough, 
forged steel balls. 

They welcome today's 
more exacting require- 
ments of higher speeds, 
heavier loads and con- 
tinued precise positioning 
of moving parts. 

And . . . most important 
of all, New Departure, 
World’s greatest ball 
bearing maker, meets 
your particular problems 
with a vast fund of ex- 
perience and original 
thinking. m2 


m 
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In South America the Andes lower 
into the sky along nearly 5-000 miles 
of unbroken mountain chain. Nestled 
among its peaks, like the lofty homes 
of soaring condors, are the havens 
of man-made birds — the highest 


commercial airports on the globe. 

Most of these fields lie at altitudes 
averaging 8,000 to 10.000 feet. One 
airport is 13,300 feet above sea level. 
At altitudes such as these, the weight 
factor at take-off is a critical one. 


Thus, these Andean fields furnish a 
number of interesting examples of 
how jet assisted take-off can solve com- 
pletely the problem of payload limi- 
tation at higher altitude airports. 

The following comparison, made 
for a field which might he at an 8.000 
feet elevation, shows conclusively 
how Aerojet Assistance not only 
increases the payload, but also pro- 
vides a generous margin of safety : 



AEROJET ENGINEERING CORPORATION • AFFILIATE OF THE GENERAL TIRE & RUBBER CO. 
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Cockpit canopy construction of Avro Lancaster. Illus- 
trated at (A) is center joint of windshield frame to 
steel tubes forming top of structure. (B) side joint of 
windshield frame to steel tube, {CJ joint of spruce 


Cutaway view of Lancaster trim tab control 
box. Depicted are elevator trim tab hand- 
wheel (A), elevator trim indicator (B), aileron 
trim indicator (C), aileron cable handwheel 
and drum (D). elevator and aileron indicator 
stop (E), chain section of elevator cables driven 
by sprocket on handwheel (F), aileron tab 
cables (G), fulcrum for flap control lever (H), 
bevel gear to operate rudder trim indicator 
(I), rudder trim tab cables (J), rudder trim 
indicator (K), and rudder trim handwheel (L). 


contour frames to steel tubular structure, (D) joints in 
spruce frames themselves, (El joint of spruce frame to 
fuselage top, (F) sliding window, and (6) small direct- 
vision window set in top forward part of windshield. 
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„„ Att tss .« ANEIMSTAT 

== DRAFTLESS AIR-DIFFUSION 


Only perfected modernization will meet tomorrow’s competition 


The difference between near- 
perfect comfort and true comfort 
is Anemostat draftless air-diffu- 
sion. For no air-conditioning sys- 
tem can provide real air-comfort 
unless the conditioned air is 
properly diffused. 

When conditioned air is blown 
through out-moded grilles, regis- 
ters, or ceiling plaques, drafts 
occur, while stale air-pockets 
with unequalized temperature and 
humidity persist. 

Rid passengers of these discom- 
forts with Anemostat air-diffusers 
and you achieve perfected mod- 
ernization — you “go all the way" 
to keep ahead of tomorrow’s 
competition! 



Anemostat air-diffusers are sci- 
entifically engineered to distribute 
just the correct proportions of 
conditioned air in pre-determined 
patterns. Drafts and stale air- 
pockets are eliminated. Tempera- 

constantly maintained. 

This is how: Cabin air, equal 
to about 35% of the supply air, 
is siphoned into the cones of the 
Anemostat. This cabin air is 
mixed with the incoming condi- 
tioned air within the unit — and 
re-vitalized — before it is re- 
circulated. Heated or cooled air, 
therefore, flows evenly from the 
Anemostat — spreading true air- 
comfort throughout the plane. 


Furthermore, Anemostats sim- 
plify air-duct maintenance. The 
one-piece detachable inner assem- 
bly of the new Type “W" can be 
removed by a turn of a thumb- 
screw. Other types are hinge- 
mounted for full and easy access 
to the ducts. And, Anemostats 

moving parts! 

For full information about 
Anemostat draftless air-diffusion 
and how they can help you per- 
fect plane modernization, write 
lor bulletin today. Or, if you have 
an immediate air-diffusion or air- 
conditioning problem, an Anemo- 
stat engineer is ready to assist 


its Air-Disf ributi 0 „ 


ANEMOSTAT CORPORATION OF AMERICA 
10 East 39th Street, New York 16, N. Y. 

REPRESENTATIVES IN PRINCIPAL CITIES 
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Induction Heating 
Conductor Capacity 


Induction Heating Data 
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...AUTO-LITE WIRE AND CABLE 


Th. safety of the new spin-proof *Erc 
by the dependability of the equipm 
famous plane. It is significant that Et 
specify Auto-Lite aircraft wire for both t 


Auto-Lite wire and cable is available in a wide variety 
of sizes, shapes and insulations for both low-tension 
and high-tension systems. To get complete information 
on the many types of Auto-Lite wire and cable, write to 
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TO AVIATION ENGINEERS DEAD WEIGHT IS 
WASTE, DESIGN FOR STRENGTH TO MEET 
SPECIFIC NEED, MOST ESSENTIAL. THAT’S 
WHY "MUST” IS ANOTHER WORD FOR 
WARREN MCARTHUR IN SPECIFICATIONS. 

WARREN /^ASU\ MUR. CORPORATION 

ONE PARX. AVENUE NEW YORK CITY 
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$30,000" 




DEVILBISS AIRCRAFT SERVICE EQUIPMENT 

: " ~ -W-..'. ... -Afl 


Increases Service Efficiency.. Raises Shop Profits 


That’s why you’ll find it 
tensively by aircraft sen 

on a great variety of yt 


DeVil biss Equi 
proved and ex 
guarantee bette 


it embodies ii 
ve features th 
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DeVilbiss 


mean5 Quality in all (our. . 

SPRAY EQUIPMENT 
EXHAUST SYSTEMS 
AIR COMPRESSORS 
HOSE & CONNECTIONS 
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SHOCK PROOF DIXIELINER LANDINGS 




Luxurious DC-4s have recently been added 
to the fleet of Chicago and Southern Air Lines. 

Their Dixieliners are powered with the new Wright 
Cyclone 9HD, making them the fastest DC-4s in the 
world. Travel time between Chicago and Houston 
has been cut two hours and twenty minutes. 

Like other DC-4s, these Dixieliners are 
equipped with Cleveland Pneumatic nose 
and main leg AEROLS. By efficiently absorbing land- 
ing shock, AEROLS contribute greatly to the comfort 
and safety of these outstanding planes. 

THE CLEVELAND PNEUMATIC TOOL CO. • Aircraft Division . Cleveland S, Ohio 


AEROLS 
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New Accounts: Dougins ap- 

pointed Walter Thompson 
vertislng. and Borland Interna - 
tional-Pettingell * Kenton to 
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With only two converted ( 
transports powered by wartime j 

Kentuckystatewideservice, links 
cities with regularly scheduled 
day flights, logs 960 miles daily and ■ 
5760 miles per week ! And will “ 
shortly add Sunday operation 
with the same equipment! 

How do they do it? 

the system developed by Bluegi 
headman H. D. Ingalls while in charge 
of ATC maintenance on Northeast 
lines during the war. Bluegrass’ trim 
planes on alternate days end their trips 
at Bowling Green, the company’s base, 
where a veteran AAF crew checks and 
overhauls some portion of plane and 



schedule. The ships are kept in service 
without the loss of flying time. 

The Jacobs R755-9 engines fit into 
ight operation program like web 
in a duck . . . maintain schedules 
mly 1850 rpm,58% capacity. .. 
use as little as 1 4 gal Ions of fuel 
and onlyl quart of oil per hour. 
The compact rear case and 
unique accessory drive unit 
permit quick, easy inspection of 
5 ,wiring, control linkages, and 
engine change, reduce line 
ince details. For dependable, 
performance with minimum 
nice, Ingalls rates the R755-9 
the most satisfactory engines 
er known . . . believes that his 
650-hour period between 
could be extended without 




he h 


undue wear or safety infringement. 

Today the new R-755A is an even 
better Jacobs . . . because of intensive 
research, improved metals, quantity 
production experience... weighs no 
more, but delivers 33% more power 
— 300 lip at 2200 rpm— is more 
sparing of fuel and oil . . . is the most 

power class available today . . . Ready 
for delivery now, too! Inquiries invited 
...Jacobs Aircraft Engine Company, 
Division of Republic Industries, Inc. 



^JACOBS 


Pottstown, Pa. 


Senate Body Scouts Bermuda Pact Legality; 
State Three Points for Accord With Russia 



This pact was undertaken U 
arrange schedules and rate: 
between the three countries, 
the Atlantic for comi 



latter submitted the 

i Senate ^Interstate 


During meetings with Rus- 
U. S. State Department will 
11) attempt to obtain rights 
to terminals in Leningrad and 
Moscow, (2) will ask benefits 
of the “Fifth Freedom," and 
(3) will propose that there 
be no limitation on schedules. 

Moves comprise second step 
following Soviet agreement to 

ices between U. S. S. R. and 
U. S. (page 125 May Aviation) . 
Considerations in the proposed 
billion-dollar loan to Russia 


The United States-Russla 
agreement would be fashioned 
after the Anglo-American- 





airlines into the Balkans and 
is opposing Russian plans to 
set up monopoly airlines there. 

discussion of the proposed ex- 
Soviet and U. S. 

Russia, meanwhile, is re- 
garded as certain to oppose 
establishment by TWA of a 
cooperative airline system in 
Italy. Italian government ap- 
proval also seems doubtful 
because of Russian and British 


mainly because BOAC is 

Push for T ransport Agency 

Increasingly exerted is pres- 
sure by surface transportation 
for "integration" of all trans- 
portation under one federal 
agency, as House Interstate 
Commerce Committee prepares 
to investigate the economic 
inter-relation between rail, 
water, highway, and air serv- 

Sea-Air Committee is de- 
manding ah' auxiliaries for 
shipping. Air Transport Assn, 
sent a recommendation to the 
House Committee that air 

dependent ownership, and un- 
der separate regulation. 



that further multiple state 
taxation be halted, and that 
interstate airlines be subject 
only to federal authority. 



PCA urged at hearings that 
CAB approve a merger with 
Northeast Airlines, already ap- 
proved by stockholders of both 
companies. PCA contends in- 
crease in resources and credit 

opment of traffic potential. 
. . . Another step in airline 
expansion was application by 

Omaha, Denver, or Cheyenne 
into Los Angeles. United's 
passengers now must transfer 
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is a number of note for Chicago 
and Southern Air Lines, major 
Gulf-to-Great Lakes commercial air 
line. This year marks the 13th and — 
to date — most impressive milestone 
for this progressive and popular air 
transportation company. 

Now, in this 13th year, C. & S. has 
begun regular service with fast super- 
luxurious DC-4s . . . and these huge. 



4-motored space eaters rely— as has all 
C. & S. equipment for the last 10 years 
—on Sinclair Aircraft Engine Oil for 
safe, economical lubrication. 

That’s why we believe we can say 
with Harvey L. Williams, Executive 
Vice President, C. & S. Air Lines, that 
"aircraft lubrication by Sinclair adds 
up ... to years of sure, efficient, highest- 
standard fleet operation.’’ 




FOR FULL INFORMATION OR LUJRICATION COUNSEL WRITE SINCLAIR REFINING COMPANY, 630 FIFTH AVENUE, NEW YORK 20, N. Y. 


This is the Record of 

CURTISS HOLLOW STEEL BLADES 




Since James H. Doolittle set a world's speed record of 
296 mph at the National Air Races in 1932 using 
Hollow Steel Blades, this blade design has amassed a 
total of 77,000,000 flight hours. Only Curtiss can point 

than 230,000 Hollow Steel Blades. 

Blade research and development by Curtiss has 
brought to the aircraft industry new concepts of pro- 



peller weight, blade durability, and service life. Today 
steel has supplanted aluminum alloy and is the accepted 
standard for all higher horsepower applications. 

Production of the first successful hollow steel blade 
is but one of the achievements of Curtiss propeller 

passenger comfort, reversible propellers for shorter, 
smoother landings, unit construction for ease of main- 
tenance, simplified selector control and full feathering 
propellers are all "firsts” by Curtiss. 

CURTISS 

ELECTRIC PROPELLERS 

CURTISS ''Jg-'WRIGHT 



‘DOC’ ATOR, FAMOUS AMERICAN AIRLINES CAPTAIN, 
CHOOSES AIRADIO FOR HIS PERSONAL PLANE 


'DOC' ATOR is an old hand at 
piloting the great Flagships of American Airlines. 
In fact, ‘Doc’ loves flying so much that when he’s 
through with his regular runs, he steps into his per- 
sonal plane and takes off for a fishing trip. 

’’Being an airline pilot," ‘Doc’ Ator told us 
the other day, “I know that every plane should have 
a two-way radio. Personally, I have an Airadio 
Super ‘52’ in my own plane. 

“I was looking at an Airadio ad that had 
the phrase, ‘more power per radio ounce.’ Brother, 
they aren’t kidding! It always sort of surprises me 
when I hear how much volume can come out of 
such a small set. The Super ‘52’ is a swell outfit.” 
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BEGINS ON THE DRAFTING BOARD 


• Now, you can offer passenger comfort at its finest. 
Comfortably relaxed, passengers and crew rest on mil- 
lions of Nukraft’s tiny hair-and-latex cells. 

Here are 3 answers to your search for seating comfort 
. . . 1— Nukraft, the war-improved "figure 8” hair-latex 
cushioning . . . 2 — Nukraft with foam rubber topper 
pads . . . 3— Foam Rubber. 

The rubber used in all 3 is NEW, lightweight and dur- 
able to combat the most rugged wear. 

Nukraft engineers are readily available with informa- 
tion on your requirements. Consult Nukraft, today! 


DEVELOPED AND PATENTED BY B. F. GOODRICH CO. 


NUKRAFT MANUFACTURING CO., INC. 

700 SOUTH NOBLE STREET • SHELBYVILLE, INDIANA 
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Curtiss-Wright has a backlog 
of $86,000,000 In unfilled or- 
ders but sustained a loss In first 
quarter operations, according 
to Pres. Vaughan. Company Is 
consolidating its 17 wartime 

manufacture of engines, pro- 
pellers, and airframes will pro- 



field as soon 
problems have been solved." 
Pres. Gross reports. Unfilled 
orders are $199,739,000. of 
which $144,000,000 are military 


neMncoi 


Income of $546,603 oi 


were $86,950,000 on Mar. 
against $45,276,000 at end 
'45. In addition. Aircooled M 
tors, a subsidiary, had ord( 
of $5,028,000, of which $1.03 


U. S. Air Lines. Inc., of St. Pe- 
tersburg, Fla., has registered 
with SEC 900.000 shares of 
common stock, which will be 
offered to public at $3.25 a 


additional company 
reports net loss of $154,- 


pany has shown a profit on op- 

Bendix Aviation Carp, reports 



Dividends: Bellanca directors 
have decided to forgp declara- 
tion of a common dividend at 
this time. Last December a 
1214c. dividend was declared, 
and directors stated their ln- 


Four 20c. dividends were de- 
clared in 1945. . . . Aeronca 
paid a 1314c. dividend last 


e paid 50c. a share a 


Northrop anticipates "satisfac- 

fiscal year, which ends July 
31, according to Pres. North- 
rop. Unfilled orders are $53.- 
500,000. Company's Salisbury 
Motors Dlv. is expected to de- 
velop soles of about $10,000.- 
000 annually. 

Inc., reports 


It income of $443,661 


from 500.000 to 1,000.000 sh 
in authorised capital stock, 
company has no present in 
tion to augment its 361 
outstanding shares by a 


private plane backlog of un 
filled orders totalling $40.000,. 
000, according to Pres. Voyes 
United Aircrotthas enough or 
ders on hand to keep its 20.001 
workers busy until middle o 
'47. according to Chairmat 
Rentschler. Company has set. 
tied Its account of $723,000,001 
in terminated government mil- 
itary orders for $52,000,000. 


United A 


i will be "substantially" 
:r than last year. Pres. Pat- 


Passenger revenues are ex- 
pected to increase about 55% 
this year, while mall revenues 


ADDING IT UP By RAYMOND HOADLEY 

Airline Financing. More than 600 airliners costing from 
$200,000 to $1,500,000 each have been ordered by Amer- 
the time is fast approaching for 


seeking a rather large loan 
xpects to negotiate some pri- 
:e of its $52,000,000 expansion 


requirements o\ 


it total of 522 craft os 


■s in operation, a 


Export-Import Bank. Several airlines are reliably re- 
ported to have approached the Export-Import Bank for 
equipment loans, only to receive complete turn-downs 
to date. The bank’s attitude, as one of its officials ex- 
plained it to us, is that the airlines have sufficient credit 
standing to do their necessary financing in the usual 
channels instead of going to the government for assist- 
ance. Export-Import Bank did make a loan to TACA 


Reports to Stockholders. 

—for being too miserly 
stockholders. Taking ' 


the Big Board 

heir interim reports to 
expected that the listed 
hereafter issue quarterly reports, 
data, earnings, and backlogs. 


n submitting their past reports, these 
now he able to get out their annual 
le other 1,200-odd industrial 


impanies listed on the exchange. 


fixed-price claims rt 
billion. Based on experience oi rece: 
claims will be settled. for $2.7 biUlon. i 


16 lightplane output ht 
the overly optimistic si 


annual meeting. He said that 
airlines were rapidly becoming 
"over-seated." Although com- 
pany has considered possibility 
of making personal planes, Mr. 
Douglas said nothing tangi- 
ble has been done along this 


Kollsmon ffiv. of Sqoore D Co. 

from strictly war production 
to peacetime output, and its 
prospects are bright, according 


to Pres. Magin. Kollsman's 
current sales, he recently told 
stockholders, “is greater than 
we had expected." 

Piper has registered 150,000 
to public. Proceeds will be 


need for carrying inen 
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They carry the rolling loads 


In the major industries, wherever wheels turn, Bower Roller Bearings carry the 
but indispensable, they perform silently and faithfully the most important ta 
world. There is nothing in industry that is finer in design, more accurate or i 
performance than Bower Roller Bearings. Bower precision is measured in 


BOWER - ROLLER BEARINGS 
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Aircraft Electrical Equipment 


67 mao- ^<717 7 ^ jfao/t ? 

With the availability of Delco-Remy electrical equipment on popular 
makes of light planes, the delay and inconvenience of finding some- 
one to spin the prop are things of the past. Sure, safe electric starting 
is now within arm’s reach as you sit in the pilot’s seat, ready to crank 
your engine and send you on your way. Lightweight, compact and 
thoroughly dependable, Delco-Remy electrical equipment brings new 
convenience at take-off, insures ample generator current during 
flight to recharge the battery and operate lights, radio and accessories. 


ELECTRIC STARTING FOR CONVENIENCE . ELECTRIC STARTING FOR SAFETY 
AMPLE CURRENT FOR LIGHTS. RADIO. ACCESSORIES 


DELCO-REMY 
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KEEP POSTED ON 

Products and Practices 

1 new publications and products is 
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NEXT-DOOR service on steel 












gps 


RYERSON STEEL 
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& E-Z ROLL 


It's easy to select the 
right caster to meet 
your exact require- 
ments trom the Darnell 
line. There are nearly 
4000 models from 
which to choose. All 
Darnell Casters and 
Wheels are pre-tested 


DARNELL CORP LTD 

LONG BEACH 4. CALIFORNIA 
60 WALKER ST.. NEW YORK l3. N Y 
36 N LINTON CHICACO 6 ILL 
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Assure efficient trailer truck ser- 
vice with a caster that’s right for 
your loads and right for condi- 
tions in your plant ■ 

140-AH is a built-for-the-job 
structural steel caster that's easy- 
swiveling and practically inde- 
structible. It's built to take a beat- 
ing .. . built to take the turns ... do 
the job right. Get the caster that's 
exactly right. Get 
Send for catalog now— it's free! 


MANAGEMENT & EMPLOYEES 

1 fiSti 




Machinery 
& Accessories 
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BOND FOUNDRY & MACHINE CO. 
MANHEIM, PA. 



Shop Equipment 
& Materials 



lightweight Plastic .6 


mm, 
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PARKER - KALON 


SELF-TAPPING SCREWS 
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. . .are Engineered for Application in 



SEE US AT TH[ CHICAGO TRADE SHOW— BOOTH 32 


PERM41>flUX 

PERMOFLUX CORPORATION 


4900 WEST GRAND AVE., CHICAGO 39, ILL. 
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THE STATE OF MISSOURI 

IN THE HEART OF AMERICA 


Ailnoutl ! 


Missouri has more to offer the aviation industry than 
it can tell in many times this amount of space. Be it 
parent plant or branch, it behooves leaders in this 
field to take these facts into account before making 
any move. 

. . . and in addition . . 

New State Constitution favorable to industry. Low Taxes. 
Over 950 new corporations last year. Adequate water 
supply. Skilled and semi-skilled native labor in abundance. 
Unsurpassed transportation facilities. Rich retail and whole- 
sale market. Wealth of natural resources. Low cost power. 
350 alert communities eager to cooperate with any worthy 
enterprise. 

Spevolited, (WiMwtfo/ tervlee ft rndglWo/ilfi. Write Aett Mhuerl SW# 

Department el Deteenet and Development, Dept. 709, JeHntltei (iff, MUteerl. 
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STANDARD SHAPES OF 


REVERE MAGNESIUM 

MAKE THESE BODIES 1500 lbs. LIGHTER 
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YOUNG Introduces a New 

on temperature regulator 

with Removable Corejgi# 
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HEAT TRANSFER PRODUCTS 
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is on its wai) j 


plane, investigate the Raytheon 

its many distinctive points of dif- 
ference, its utter simplicity, its out- 
standing features. You'll agree that 
it's a private pilot's dream come 

Created by radio engineers who 
fly their own planes, the Raytheon 
Radiophone meets both routine 

vate pilot in thoroughly effective 

compact unit, are the means of 
ready conversation between pilot, 
control tower and range stations 
. . . clear "beam" signals . . . stand- 

have been kept remarkably low. 



BELMONT RADIO CORPORATION 

595S West Oitlceet Avenue, Chicago 39, Illinois 


not justify it. If more cooperation 
would help sell more planes, the com- 
pany is hurting itself if it withholds 
such aid. 

ti .‘‘There's no use in following up that 
prospect further — he won't buy until 
the first of the year .” That is one of 
the oldest excuses for not buying 
known to salesmen. Ignore such state- 
ments and keep after the sale. 

7. “Without lifting a finger, I can sell 
all the airplanes the factory can send 
me." Currently, this feeling is all too 
prevalent due to the pent up demand 
for new uirplanes. If your first clo- 
sures come too easily, you may take on 
a deflector that may affect your sales 
record in the long run, and soften you 
so that later you will find it difficult to 
meet real sales resistance. Don’t let 
up. 

By what program can the dealer de- 
velop salcs-clinching follow-up habits? 
First, a policy of persistency must be 
established, then a mechanical routine 
must be set up whereby the dealer auto- 
matically follows through. 

A mechanical method for following up 
prospects involves telephone calls, post 
cards, and letters. Keeping in touch 
with the prospective purchaser is vital. 
The dealer should keep his goal, his 
quota, and his program graphically in 
front of him. It should work for him 
every day, reminding him of what he 
has previously planned to accomplish, 
and showing him just how far he has 
proceeded. A dealer often fails to carry 
through to a successful conclusion be- 
cause he forgets what he started out to 
achieve. 

A unique and effective follow-up sys- 
tem is covered in the five-point prospect 
card (sec illustrations) used by Ander- 
son Air Activities, of Milwaukee. It not 
only points out where to find prospects, 
but keeps a detailed check on the prog- 
ress of the sale. There is no let up until 
every' one of the methods outlined on 
the card has been checked off. 

The dealer will find that this system, 
or a similar one, will get him results — 
and it will help him to finish what he 
has started. 


Rocket Research 

( Continued from page 41) 

like a projectile fired with the same 
speed and direction from a gun. 

The rocket rises vertically at first, 
and slowly, but travels ever faster (max. 
acceleration 6G) until about a minute 
later it reaches the cut-off value over 
3,000 mph. — nearly five times the velocity 
of sound. The jet flame which helped 
to keep it in sight ceases and it is lost 
to view. It is terrifying to watch even 
from 1,000 ft. distance, because it soon 


appears to be directly overhead, and air 
currents disarrange the smoke generated 
at fuel cut-offs. You assume flight is 

Seventeen triangulated checking sta- 
tions are used in tracking V-2, with 
which four different tracking methods 
were used May 10 : radar, optical, photo, 
and sonic (Doppler). The radar 
methods involve radar impulses from a 
unit in the nose and reflections from 
three tail surfaces. Both optical and 
photo (the latter for record) are 
achieved with an ingenious German 
instrument, the Askino theodolite, set up 
8 to 10 mi. from the launching site. The 
unit has a tremendous lens, which enables 
two operators to watch the V-2 for 150 
mi. visually. A built-in camera records 
the action at 60 frames per sec. Three of 
these instruments at widely separated 
points permit checking of roll of the 
projectile by showing the special pattern 
painted on it. 

Newly developed radio beacons, which 
contain their own power supply and are 
actually miniature radio receiver-trans- 
mitters, have been fitted into the V-2 
“pencehend” for one tracking device. 
Antenna are in plastic housings on 
fins. During flight, the receiver is trig- 
gered from a ground radar set by pulses 
which cause the transmitter to repeat the 
pulses to the radar. This permits the 
trajectory to be recorded photographi- 
cally. The Signal Corps radar set used is 
modified from a unit developed during 
the war for detecting hostile aircraft and 
directing anti-aircraft guns. 

Conventional radar equipment also 
tracks the V-2 for its entire flight with- 
out the aid of beacons. As the V-2, as 
fired on London, contained no electronics 
guiding equipment, emissions of which 
might be tracked, this method simulates 
detection of rockets fired by an enemy. 

The V-2 is set for firing by an in- 
genious elevating boom, designed in 
Germany for that purpose. It is knoxvn 
as the Meillcr IVagon, and is long 
enough to carry the V-2 with ease and 
set it into place by means of its self- 
contained, motor driven, hydraulic lift- 
ing system. It is equipped with plat- 
forms which swing into place, enabling 
workmen to climb up its built-in ladders 
to make final tests and adjustments after 
the rocket is in place for firing. It also 
carries feed lines for some fuels and 
stabilizes the V-2 until it is ready to fire. 
(Other rockets are placed by a 60-ft. 
high ciane which opei’ates on wide rails 
north of the launching platform. On 
this 1,000 ft. of track is also a rail 
launcher developed by the Germans for 
the V-2). 

Also shown correspondents at the 
White Sands test was the “WAC Cor- 
poral,” an all-American design l'ocket. 
The WAC Corporal is a liquid-propelled 
missile — unlike many solid-fuel types 
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developed at Calif. Institute of Tech- 
nology in a program sponsored by the 
Ordnance Dept. 

The Corporal differs from the V-2 in 
more than size — it’s 1 ft. in diam., 
16 ft. long and weighs 700 lb at launch- 
ing — for it has no control system except 
three stabilizing fins. 

It is launched vertically from a tri- 
angular 100-ft. launching tower, and 
thereafter goes its own merry way, 
affected by wind, earth rotation and its 
own peculiarities. These characteristics 
suggest some of the reasons for the fe- 
male appellation of “WAC,” the 
“Corporal” coming from the fact that 
some Army rocket projects are desig- 
nated by familiar ranks. Suffice it to 
say, officers in charge of the May 10 
test (all married men by the way) 
were so uncertain of its actions that 
they kept all observers at the very 
respectful distance of six mi. Indica- 
tions were that it — or the two principal 
parts into which it breaks when its fuel 
tanks collapse as it reenters the atmos- 
phere, fell into the desert five mi. the 
other way, but it appeared to be right 
over this reporter's shrinking scalp when 
it vanished on its way up. 

The WAC also differs from the V-2 in 
having different chemicals to power 
pumps whioh feed propellants to the 
combustion chamber and in being 
“boosted” during its first few seconds 
of flight by a poxverful, short-duration 
solid-fuel step rocket. This brings the 
WAC to supersonic speed in 0.6 sec., 
then falls away to let the WAC motor 
carry on alone. Judging by its actions 
and by the appellation “Tiny Tim” 
which officers let slip, this step rocket 
is a variant of the giant rocket which 
made a fighter plane able to hurl at an 
enemy target more high explosive than 
is curried in a salvo from a light cruiser. 
Tiny Tim was the first multiple-grain 
American rocket, having four dry-ex- 
truded ballistite grains, each weighing 

some 40 lb. Its original war head was 
150 lb. of TNT. 

Presumably, the launching tower could 
be tilted slightly to “aim” the WAC 
and payload limitations are believed to 
be sufficiently large to carry an atomic 
warhead, but primary pi’esent develop- 
ment is to make the WAC a vehicle to 
carry meteorological instruments into 
the stratosphere. In tests at White 
Sands last October, the WAC reached 
an altitude of 230,000 ft., or 43.5 mi. 
This elevation was assumed to have been 
attained in the May 10 test, although 
radar tracking failed at 55,000 ft. be- 
cause the rocket was too small to track 
further by radar. 

The WAC costs about $50,000 to 

make in this country. This could un- 
doubtedly be cut considerably in mass 
production, but the WAC will probably 
be discarded in favor of models now 




Prefabricated 
Ready-to-lnstall 
THERMO-COUSTI Fiberglas BLANKET 
CONVERSION KITS 

for the following planes: , , 

Douglas C54 (DC4) and C47 (DC3); Lockheed Model 12 and Model 18 
(Lodestar); Beechcraft C45, AT-11 and AT-7; Cessna UC-78; Fairchild 
F-24 and Curtiss- Wright C46 (CW20 E). 

Kits for any other plane. can be supplied to specification and upon short 

Thermo-Cousti Fiberglas Insulating Blankets provide maximum acoustical 
and thermal insulation per pound. For example the C47 kit weighs but 63 
lbs. installed; AT-11 kit-but 10 lbs. Minimum installation, replacement 
and service costs. 

Thermo-Cousti Blankets arc non combustible-non-sustaining to fungi or 
vermin— flexible and resistant to impact— unaffected by moisture and (due 
to V-Film backing) moisture repellent. 

Thompson Thermo-Cousti Fiberglas Blankets add pounds to payloads. Write 


THE H.l. THOMPSON COMPANY 

Thermo-Cousti Fiberglas Blankets 
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under development. The WAC Sergeant 
(to anticipate a name as well as to con- 
jecture about characteristics) will prob- 
ably be thinner-shelled and generally 
lighter in details, hence able to match 
the V-2 in altitude and may also carry 
a higher payload. But officials develop- 
ing it aren't talking. 

Both the V-2 and the WAC will be 
used to carry instruments into the upper 
atmosphere in future tests. These will 
measure temperatures, densities and 
pressures, make spectographic records, 
count cosmic rays, take samples of gases, 
dust and bacteria (if these reach such 
heights) . 

Still other measurements are being 
suggested by scientists from all over the 
country, indicating that some will be 
disappointed or more and bigger rockets 
will be required. Officers conducting the 
lests also want to make some measure- 
ments of their own. Skin temperatures, 
action of control vanes on the V-2 and 
their effect where there is no atmos- 
nlicre for them to act upon are among 

It is known, for example, that the V-2 
does not fall with its axis-parallel to its 
trajectory, until it reenters the atmos- 
phere. For some period after its pro- 
pulsive power is expended and the 
earth's gravitational pull begins to pull 
it back, the V-2 remains in its final up- 
tilted position. Control gyros may 
activate vanes, but nothing can happen 
until the vanes have some air against 
which to push. Then aerodynamic sur- 
faces again become effective. 

Skin temperature is estimated to rise 
to about 600 C. (1,300 F.) when atmos- 
pheric friction decelerates it from its 
top speed of 3,500 mph. to 2,600 mph. 
before it strikes. Enough of this heat is 
transmitted to the control chamber that 
plywood dividers there are scorched. 
This is of course a problem in instrumen- 
tation as well. Scientists thus have 
three choices: 

1. To produce instruments which can 
stand the shock of striking the earth, 
the heat of deceleration, and possible 
explosion of remaining fuels. 

2. To use instruments that broadcast 
to ground recording devices. 

3. To devise instrument carriers that 
will throw them out after desired rec- 
ords are obtained, then parachute them 
safely to earth. 

Of these three, the third appears most 
advisable, but presents several serious 
difficulties. What cover material will 
withstand ejection shock and frictional 
heat? How can speed be reduced safely, 
when a conventional parachute will not 
open where there is no air and would 
promptly burn anyhow when air friction 
is encountered at supersonic speed ? The 
parachute could be forced open by an 
inflatable rim tube operated by a com- 
pressed-air bottle, but the heat problem 


remains. One solution might be to eject 
the instrument container backward with 
sufficient force to counteract enough of 
the rocket's forward speed so skin tem- 
peratures stay low. Another is to use 
metal vanes instead of a 'chute. 

Incidentally, there have been frequent 
press reports of offers by individuals to 
ride within a V-2 at their own risk. 
Theso arc true — I read one letter from a 
sane and responsible New England man 
of some prominence, who has developed 
a pressure suit. The V-2 could readily 
carry him, and the 6G maximum accel- 
eration never approaches the 8 or 9G at 
which men “black out,” so getting him 
up there would be simple. But how can 
he be ejected and decelerated without 
burning to a cinder? And if he stays 
within the rocket until close above the 
earth, how can he endure the inside 
temperature? 

Meanwhile, the V-2 provides 20 chan- 
nels for sending back radio and radar 
records of its flight. These will be used 
to examine to the greatest passible extent 
the onter reaches of the earth’s envelope, 
where comsic rays and shooting stars 
abound, beyond the fringes of the atmos- 
phere which acts as a filter for such 
visitors from interstellar space. Our 
present knowledge is limited to distances 
of only 19 mi. above the earth — the 
V-2 and the WAC-to-be may make it 
possible for us to reach out to 150 mi. — 
or eight times ns far. 


"Crossroads" Critique 

(Continued from poije 39) 

the quick answer would be “Yes.” But 
on sober second thought, the unfeasi- 
bility of this idea becomes obvious. We 
have no metropolis which we can write 
off in such disruption. It would be out 
of the question to build a test city just 
for that purpose. And the risk of "try- 
ing it” on slum areas “which ought to 
be cleaned out anyhow” is unthinkable, 
considering the menace to the surround- 
ing community area. 

Another point is that Britain has the 
only other major sea arm. so what mean- 
ing can there be in naval-offensive les- 
sons learned at Bikini, considering the 
very specific nnliklihood of our warring 
with England? This time, the premise 
is readily resolved: We intend to bene- 
fit by defensive lessons. True, it could 
now be reiterated how an enemy would, 
instead, lay assault to our cities. But 
there is at least this rationalization: 
From the elementary viewpoint, we wish 
a test — broadly speaking — against a 
representative grouping of man-made 
structures and equipment. With a city 
target unacceptable at this time, the 
naval vessels afford us a fitting alterna- 
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Let us now consider the precise investi- 
gations planned at Bikini — and let us 
say hero that these definitely are not slip- 
shod, too hastily arranged, or nncom- 
prehensive, ns some tend to argue. Six 
months have been expended in the setup 
alone. In all, there are nine primary 
technical-staff divisions. Besides (1) 
the handling of the bomb operation, 
there are studies of (2) blast, pressure, 
and shock; (3) wave motion and ocean- 
ography; (4) electromagnetic propaga- 
tion and electronics; (5) radiological 
safety; (6) rndiometry; (7) radiation; 
also (8) remote measurements; and (9) 
technical photography. 

As for aircraft, they will: (1) Drop 
the bomb; (2) gather all possible scien- 
tific data by means of instruments, 
photos, and air samples; (3) provide for 
any necessary air-sea rescues; and (4) 
afford accommodations for test directors, 
for scientific observers, and also for 
press and radio men. 

Five B-29 bombing crews have been 
designated to stand ready, and these are 
continuing to practice the pattern. At 
the last minute, one of these teams will 
“get the nod.” This selected crew will 
initially make three “dry” runs, then 
plummet the A-bomb on the fourth — or a 
later run if there is any hitch. An 
inordinate number of "refusals” will 
bring postponement of the test to an- 
other day. Weather experts have calcu- 
lated that the Bikini area has seven or 
eight days in each month which ore 
suitable for Blast Four. East winds 
would be required up to 30,000 ft. to 
keep the atomic cloud from jeopardiz- 
ing the supporting fleet and adjacent 
islands. Then, too, the weather must be 
clear enough for bombardier to see the 

Further notes: In pre-tests, some 

30 “pumpkins” — atomic bomb dummies 
— have been loosed, both on rehearsal 
targets off the West Const and, pre- 
sumably, at Almagordo, and about the 
same number of sham bombs are being 
triggered in early trials at Bikini. . . . 
Expense of the Bikini project has been 
exaggerated, for 90% of the target ships 
have been earmarked for scrap. The 
cost of personnel, instrumentation, the 
bomb, etc., brings the sum to the neigh- 
borhood of the outlay for one modem 
warship, and this is considered cheap. 
. . . Exact dimensions of the target pat- 
tern is not divulged, but it is known 
that some 23 vessels will be within a 
thousand yards of the blast. . . . One 
report has it that twenty scale-model 
tests were made, simulating Operation 
Crossroads with 3%-lb. charges of TNT 
detonated over 2-ft. models of Victory 
ships floating in deep water. Reported 
results: Hatches were disrupted, plates 
were buckled, the ships were violently 
gyrated, but none sank. . . . The Bikini 
test will be run on code-time. X is hour 


of arrival at test stations. H is predicted 
hour of blast, M is hour of actual blast, 
and M-Plus will denote times of all suc- 
ceeding studies of ail*, water, and atoll 
soil; tracing of the bomb cloud; reading 
of various instruments; entry into blast 
zones; and the like. . . . Many of the 
scientific answers supplied by the test 
will be available immediately; however, 
some won’t be known for months, others 
not for years or even in the lifetime of 
the men concerned. 

It has been announced that there will 
be no overall censorship in relation to 
Operation Crossroads, but there are 
these seven specific taboos: (1) Precise 
horizontal distance of the bomb burst 
in relation to the target array; (2) exact 
altitude of explosion ; (3) exact bearings 
of the target vessels in relation to each 
other and to the pattern; (4) all tech- 
niques and equipment in relation to 
carriage and release of the bomb; (5) 
exact data concerning pressures, tem- 
peratures, and the various other perti- 
nent studies, (6) the degree of efficiency 
of the bomb itself; and (7) any photos 
or information which, in themselves or 
in combine with others, would lead to 
conclusions on the other six points. 

Among phenomena to be checked are 
effects of explosion on aircraft in flight 
(the drones), effect on radio waves, and 
on radar, also blast pressure, infra-red 
rays, photography, and radio activity 
in the air. And among other measur- 
able elements are heat radiation, light, 

in air and water, and motions of air- 
craft and of ships as a result of the 
bomb burst. The following outline sup- 
plies further details on the studies : 

Instrumentation required to measure 
air blast, under water pressures, and 
shock wave velocity, will be primarily 
concerned with pressure and shock in 
free air and water (independent of ship 
structures) ns functions of distance and 
time. Most numerous instruments are 
ball crusher gages and aluminum foil 
meters, the former measuring air pres- 
sure by the deformation of a soft copper 
ball by a steel piston in a narrow cyl- 
inder, and the latter calculating air 
pressure by the rupture of aluminum 
foil. Other instruments will measure 
underwater pressure time curves, peak 
pressures, and shock wave velocity. 

Ship instrumentation will be con- 
cerned with the observing and measuring 
effects of the blast causing structure 
damage to the various target vessels and 
their machinery and equipment. Strain 
and displacement gages, of many types, 
will comprise a mechanical linkage sys- 
tem connecting two portions of the ship’s 
structure and equipped with indicating 
means. A simple device for the meas- 
urement of blast effects on the deck of 
target ships will be empty 5-gal. gasoline 
cans, blast pressure being determined 
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The Wreckers 

If you ever want to tear a wing 
off an airplane, check with the 
men in the Structures Lab at 
Lockheed’s Factory B-l in Bur- 
bank. These boys are experts. 
Not long ago their entire career 
consisted of deliberately ruining 
the meticulously engineered 
assemblies that went into the 
Constellation, just to see if the 
parts came up to Lockheed’s ex- 
acting standards. 

For instance: they took up num- 
ber 61 (the first Constellation ), 
blew a hole in one of the two 
dres on die nose landing gear, 
and then brought the plane in 
at 80 mph. The Constellation 
landed nicely. 



Another time these testers pur- 
posely threw dirt and water into 
the oil lines of the hydraulic 
booster system, forcing it to 
work under what they under- 
state as “adverse conditions.” 
Adverse, that is. 

They even kicked around a 
whole tail control assembly in a 
chamber that was 70 degrees 
below zero (Fahrenheit) until 
all the low-temperature bugs 
had been licked. 

As a result of this kind of highly 
creative destruction, which goes 
on at Lockheed year in and year 
out, the Constellation is the most 
advanced and safest transport 

L to L for L 
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by the amount of crashing of these cans. 

Navy drone aircraft which will fly in 
the proximity of the blast will be 
equipped with VGTA (velocity, gravity, 
time, and altitude) recorders, while 
AAP drone aircraft will carry television 
transmitters, recorders, and flight an- 
alyzers, all devices to report and record 
the effect of the detonation wave on the 
operating characteristics of aircraft. 
No aircraft which carries personnel 
will approach nearer than 8 nautical 
miles to the blast, and it is expected 
that the bomb-carrying B-20 will have 
retreated to such a distance after its 
drop and prior to the detonation. Drone 
craft, of course, will go directly into the 
burst-cloud. 

In the field of wave motion, supersonic 
echo sounders will measure the vertical 
motion of both the target ships and 
buoys, while pressure recorders on the 
lagoon bottom will record water depth 

hydraulic pressure. There will also be 
extensive aerial and surface photography 
of the water waves and motion of the 
target ships under wave action. In addi- 
tion, seismographs will be set np on the 
islands to observe the propagation of 
the shock waves through the earth. 

Measurements also include extensive 
surveys of the atoll and the surrounding 
regions with regard to effect on physical 
oceanography, also biology, geology, and 


In the sphere of electromagnetic 
propagation and electronics, studies will 
be made of the A-bomb effects on the 
propagation of electromagnetic waves. 
These tests are planned to show the in- 
fluence on both ground and sky wave 

lion resulting from the detonation. 
Other experiments will show the radar 
reflective properties of the bomb cloud 
and the intensity of the atmospheric 
electrical disturbances developed by the 

Standard radar and sferics (direction 
finding) equipment, also devices spe- 
cially constructed for the tests, will be 
used to measure the electromagnetic 
propagation. AAP drones will carry 
Geiger counter warning-circuits and 
transmitters to determine the effect of 
the bomb explosion on radio propaga- 
tion in the 5-9 me. range. 

Section on safety involves safeguard- 
ing of personnel with respect to radio- 
logical hazards to be encountered. This 


ncludes 


mt of radiological 
s to be e 


irions personnel and for tracking 
ovements of radioactive air and water 
asses. Primary safety device is the 
portable Geiger counter, which indicates 
" jactivity by a clicking sound or the 
■ment of a hand on a dial. The 
counter consists of two electrodes in a 
ous medium. Passage of an ioniz- 


ing ray through the counter permits a 

tra!L. C This" current* is a measure of the 
intensity of radiation. Additional safety 
devices are ionization chambers, specially 
sensitized films, and chemical capsules 
which indicate total radioactivity from 
the measurement of induced radio- 
activity. 

Radiometry concerns measurement of 
light in the visible spectrum and the ad- 
jacent wave bands, such ns ultra-violet 
and infra-red. This is distinguished 
from calculation of radiation or the 

etc. Among instruments used here are : 
Spectographs to obtain spectral distri- 
bution of the first flash; photoelectric 
units to reveal intensity of the first flash 
as a function of time; and bolometers 
to measure total radiant energy emitted 
by the first flash. 

As for radiation, findings in this field 
wHl not be published, in accordance 
with current security restrictions. In- 
struments and techniques used here arc 
also "classified.” 

Remote measurements will deal with 
determination of tidal data at Midway, 
Wake, Kwajaleiu, and Eniwetok. In 
addition, shock will be gaged at these 
islands, and radioactivity will be traced 
in the whole central Pacific area. 

Operation Crossroads will have a tech- 
nical photography section that involves 
hundreds of cameras of a wide range of 
types. Ground and aerial photographs 
will be made before, during, and after 
the drops. In addition, motion picture 
and still cameras will record background 
material for a complete pictorial record 
of all phases of the experiment prepara- 
tions. 

Ground photos will be made from fixed 
installations on 75-ft. steel towers, 
placed at strategic points on Bikini 
Atoll. All these cameras will be radio 
controlled. 

In the target pattern, Orbit Points 
and Reference Points have been set at 
varying degrees and nautical miles from 
aiming point, and these will be used to 
key the precise missions of the aircraft. 
Here is the complete check of the aero- 
nautical operations: 

The B-29 command plane, flying at 
8,000 ft., will rove approximately 20 
nautical miles from the burst. And the 
B-29 bomb carrier will fly on an axis 
of 45 deg. toward the target and. at the 
time of the blast, will have turned to 
left (approximately 150 deg.) and be 
headed out from the target. 

Two B-29s, operating slightly below 
bomb carrier and flying in a circle 180 
deg. apart, some 10 nautical miles from 
target, will drop pressure-measuring in- 
struments. Of eight F-13s, four will 
circle at 26,000 ft, 90 deg. apart, at 
some 15 mi. distance ; other four will be 
a little higher than bomb plane, with one 
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To attain maximum strength and lightness 



T he hollow bones of a bird are simulated in the 
U-S 4 S Shelby Seamless Aircraft Tubing 
which forms the sturdy, lightweight framework of 
the Model K airship car. 

Used in the transverse frames, diagonal bracing 
and connecting longeron, Shelby Tubing of 
chrome molybdenum steel keeps weight to the 
very minimum yet insures the utmost in rugged- 
ness and shock-absorbing qualities. And because 
in lighter-than-air ships like this, every ounce of 
weight must justify itself, Shelby Aircraft 
Tubing is also used to obtain highest strength- 
weight ratio in the outrigger frames that support 


the e 
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In every type of aircraft, Shi 
Aircraft Tubing provides structural superi- 
ority. In jet planes, Shelby Tubing maintains 
strength at extremely high temperatures. In fly- 
ing freighters and heavy passenger transports, 
Shelby Seamless Tubes provide extra stamina 
to safely absorb the tremendous shocks of land- 
ing. In helicopters and sport planes that must be 
light, strong and safe, Shelby Tubing fills the 
bill at lowest cost. 

No other structural material is more versatile 
than this superior steel tubing. You can bend it. 
Weld it. Shape it into almost any form required. 
It is easy to machine. As a safeguard to uniform 
quality, all U-S-S Shelby Seamless Aircraft 
Tubing is made to exacting government specifi- 
cations. It is available in a complete range of sizes 
and shapes and in the current alloy steels. Our 
engineers will gladly cooperate with you in its 
most efficient application. 


DESIGNERS TOOK A TIP 

FROM MOTHER NATURE 





TOOLING UP? 

Punches and Dies should 
Last Longer it they are 
Vapocarb- Hump Hardened 


Three considerations have led Cro- 
name Inc., Chicago specialists in fine 
metal craft, to use the Vapocarb-Hump 
method for hardening the big dies re- 
quired for their customers' work. 

1 . Experience. Most methods of hard- 
ening and most tricks of the trade have 
been known and used by Croname, and 
Vapocarb-Hump hardening has been se- 
lected as a result of this experience. The 
Vapocarb-Hump method protects the en- 
graved surfaces against both scale and 
decarburization; it automatically main- 
tains temperature with great accuracy; 
it records the temperature of the die 
itself; it records (and can control) the 
difference between temperature of die 
and that of furnace wall. With all these 
features at his command, the heat-treater 


is able to harden both hobs and dies for 
longest life and greatest production. 

2. Investment. These big tools repre- 
sent much toolmakers’ time and up to 
several hundred pounds of fine tool steel. 
Croname protects this investment by 
Vapocarb-Hump hardening. 

3. Customer-pleasing. When it takes 
several weeks to make the dies for an 
order, the schedule obviously won’t 
stretch to accomodate extra toolmaking. 
Croname has found that Vapocarb-Hump 
Hardening helps the heat-treater to do 
every job right, and on time. 

If you have a tool heat-treating prob- 
lem, an L&N engineer will gladly call 
to talk it over, or will send a Vapocarb- 
Hump Catalog, as you prefer. 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS ■ AUTOMATIC CONTROLS . HEAT-TREATING FURNACES 

Jrl. Ad T‘621(35) 
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following about 4 mi. behind and to left 
of bomben and turning away at same 
time. Other three head toward blast 
from 20 mi. out, taking their photos. 

Of four Boeing B-17 drones, four B-17 
control planes, and one B-17 master con- 
trol craft, one drone will be ready at 
24,000 ft., will enter blast cloud, then be 
picked up by its control plane, which 
flies around blast clockwise — or by mas- 
ter craft if control doesn’t get there in 
time; and other three drones, at 30,000, 
18,000, and 13,000 ft., respectively, will 
weave similarly through cloud for 30 
min. Master plane will stand by to aid 
in control, i.e., 5 mi. away at 24,000 ft. 

Of two Dougins 0-54 photo planes, 

distance, then after shock wave will 
close in lo 8 mi. Second will operate 
from a point 7 mi. distant. B-29 press 
photo plane, at 4,000 ft., will circle 20 
mi. from explosion, and B-29 broadcast 
plane will be at 8,000 ft., likcw-ise at 20 
ini. Two other C-54s, carrying oflicial 
observers, will also fly at the latter alti- 
tude and distance. Operating at 25,000 
ft., two B-29s and two F-13s will track 
I lie movement of the blast cloud over the 
sea to determine its persistency and 
radiological activity. 

Of the four Navy FUF drones, each 
will be guided by two 2-plane sets of 
control craft (16 control planes). Ini- 
tially stationed at 28.000, 20,000, 15,000, 


and 10,000 ft., respectively, drones will 
operate through blast cloud in sequence, 
one control “pitching,” other “catching.” 
There will be three Martin PBMs for 
emergency air-sea rescue, two at 3,000 
ft., third at 7,000. Four F6F photo 
planes will fly over atoll for vertical 
“shots” 30 min. before blast. Two TBM 
Grumman Avengers will circle at 9,000 
and 4,000 ft., 15 mi. off, to get flashes. 
Four TBMs will control boat drones 
which, about 1 hr. after burst, will go 
into lagoon to test safety of entry. 
There will also be two HOSs (R-4 
Sikorsky Army helicopters). One is 
slated to pick up dirt samples at Bikini, 
while other will be stand-by. 
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ADDRESS? 


Let us know so 
that we can keep 
copies of Aviation 
coming promptly 
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1>TEIIC,HAIV»EABLE • 
PUNCH and HIE 


AlLIEDs R-B Inter- 
changeable Punch and 
Die lowers costs in the metal working and plastic indus- 
tries. Standard punches and dies carried in stock. Special 
shapes and sizes in any material made to your specifica- 
tions with prompt deliveries. 

Send for large illustrated R - B catalog, twu 

ALUED PRODUCTS CORPORATION 

Ifp; 


' ,* Department 28-B • 4614 Lawton Ave. • Detroit 8. Michigan 


Its SOUND ADVICE 



Headphones 
Engineered toYOUR 
Requirements 

Hearing efficiency is increased when 
MURDOCK Headphones are on the 
job. Their "hear-abilily" has been 
demonstrated through two wars. 

The widespread prelerence lor them 
is a tribute to MURDOCK'S 42 years' 
insistence on highest quality standards 
... the same quality "yardstick" that 
William Murdock applied to his first 
radio phones which he patiently put 
together by hand ’way back in 1904. 

On special or difficult assignments 
MURDOCK engineers can create Head- 
phones to meet your particular needs. 


sure to consult MURDOCK! 

Write for Catalog 
JOBBERS! 

MURDOCK Headphonei ore again 
available In greater quantities. 
Write us today for full details. 


WM. J. MURDOCK CO. I 
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This advertisement is not, and is under no circumstances to be construed as, 
an offering of this slock lor sale, or an offer to buy, or as a solicitation oj 
an offer to buy, any of such slock. The offering is made only by the 
Prospectus; the Prospectus does not constitute an offer by any dealer 
to sell this stock in any Stale to any person to whom it 
is uulawlul lor such dealer to mj£e such offer in such State. 

178,364 Shares 

Eaton Manufacturing Company 

Common Shares 

( *4 Par Value) 

Of the above mentioned 178,364 shares, 166,846 shares were subscribed 
for at the subscription price of $54 per share by the Common Share- 
holders of the Corporation, or their assigns. The 11, 518 unsubscribed shares 
arc to be purchased from the Corporation by the Underwriters, subject to 
the terms of the Underwriting Agreement summarized in the Prospectus. 


Price $62% Per Share 

Copies o/ the Prospectus may be obtained in any State only 
from such dealers participating in this issue as may legally 
offer this stock under the securities laws oj such Stale. 


Merrill Lynch, Pierce, Fenner & Beane 

April 16, 1946 


Do you know 
(hat ... 


each month our subscrip- 
tion department receives 
more than 150 requests 
for “back” issues of 
AVIATION? 


If we printed extra 
copies of our monthly 
issues, we would be glad 
to comply with these re- 
quests, but unfortunately 
we have no way of know- 
ing in advance just how 
many of our newsstand 
readers will “miss” an 


Bui W'e Do Know that 

each of these requests 
indicates a reader hag 
“missed” just the issue 
he could make valued 
use of. 

Insure your receiving 
AVIATION regularly by 
filling in the coupon be- 
low, today . . . 
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COLORS THAT WEAR WELL 



BERRYLOID 


AIRCRAFT FINISHES 


Good aircraft finishes must do two jobs supremely 
well. One is the protection and preservation of fabric 
and metal. The other is to clothe the plane in bright, 
appealing colors for the owner’s pride and lasting 
satisfaction. Q Berry Brothers aircraft finishes have 
been developed through 30 years of use to shoulder 


these jobs. § Painstaking, fruitful research and 
scientific manufacture have built the excellence 
of these aircraft finishes to a position of leadership. 


Leading Producers of Aviation Finishing Materials 
in War and Peace , for over 30 Years 


BOSTON • JERSEY CITY - CINCINNATI • CHICAGO • ST. LOUIS • INGLEWOOD, CAUF. • MONTREAL • WINNIPEG • TORONTO 
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It takes 28 hours to grind and lap this federal ball 


See this Vi" hall? Twenty-eight hours of grinding and lap- 
ping are required to round out its dimensions before it can 
take its place in a Federal Ball Bearing assembly. 

To you as a bearing user that’s important, for only one 
bad ball ruins a bearing’s efficiency, impairs the perfor- 
mance of your equipment, interrupts production. 

But no bad balls can get by the sensitive “fingers” of 
Federal’s electrically controlled inspection gauges. Each 
ball must be uniformly spherical within .000025" and the 
variation in diameter in any bearing is not more than 
.00005". Made of through-hardened chromium al- 
loy steel, each is crush-tested for load-bearing y 
strength, micro-tested to reveal hidden pits or 
scratches and polished to its lustrous superfinish. 


So it goes through every Federal manufacturing step. 
More than 100 individual production, inspection and 
cleaning operations go into a single-row radial ball bearing. 
Every fourth operator is an inspector. Add them up and you 
have positive precision performance on production lines 
everywhere. ..in machine tools, farm equipment, electric 
motors, marine equipment, automobiles and airplanes. 

That’s why, wherever tolerances are tight, specify Federal 
Ball Bearings. ..in any range or size. 


THE FEDERAL BEARINGS Cl 


■ POUGHKEEPSIE, ti 




FEDERAL BALL BEARINGS 


ONE OF AMERICA'S FOUR LEADING BALL BEARING MANUFACTURERS 
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# "The impossible takes a little longer"... this is one way of saying that the 
draftsman lets no out-worn conceptions restrict his creative ideas. Yet without 
his specialized technique for expressing ideas on poper, the designs he creates 
could scarcely be turned into substance. As the draftsman relies on his own hands 
ond eyes, he calls likewise on his drafting instruments to serve him functionally. 
So integral a part of his technique do they become, they are virtually his partners 
in creating. 

For 78 years KeufFel & Esser drafting equipment and materials have been 
partners, in this sense, in creating the greatness of America, in making possible 
our Beets of ships, our skyscrapers, our overwhelming weight of armor on the 
battlefield ... So universally is K & E equipment used, it is self-evident that every 
engineering proiect of any magnitude has been completed with the help of 
K & E. Could you wish any surer guidance than this in the selection of your own 
"drafting partners"? 

Because of their balance, smooth action and responsiveness to your hand, 
you will find that using MINUSA ' Drawing Instruments is almost as natural as 
breathing. Their legs are round and ta- 
pered, without the harsh feel of sharp cor- 
ners. Joints are firm, snugly fitted, and 
satin-smooth in operation. Yet these instru- 
ments are strong and durable, for their 
precision will outlast years of continuous use. For complete data on MINUSA* 
Drawing Instruments, write on your letterhead to Keuffel & Esser Co., Hoboken, N. J. 


partners in creating 
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G enerators with outputs from 15 to 

400 amperes for 12 and 24 volt systems. 
VOLTAGE REGULATORS of carbon pile 
type which handle high field currents— provide 
close regulation— may be snapped in and out 
of mounting base without disconnecting leads. 
SWITCH RELAYS for 12 and 24 volt service 
which handle up to 200 amperes and a differ- 
ential type for same voltages carrying currents 
up to 300 amperes. PUMP MOTORS for 
continuous and intermittent duty, Vi to 3 
horsepower. Whatever your requirements 
in these lines, Leece-Neville will provide the 
just right electrical equipment— soundly engi- 
neered and built to the highest attainable 
standard of quality. 


THE LEECE-NEVILLE COMPANY 

CLEVELAND 14, OHIO 
Pioneer and STILL Quality Leader I LMj 
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f ' V GENERAL EXCAVATOR’S 


riMAiir «TvnF in" 


NOW YOUR MACHINES CAN HAVE THE DESIGN ECONOMY 

of retaining rings regardless of load, stress or accuracy involved. Waldcs 
TRUARC high precision retaining rings do the job of nuts, shoulders, 
collars, pins and snap rings. Yet they allow lighter, more compact units— 
make assembly and disassembly quicker, easier. TRUARC retaining rings 
give better, more dependable retention because their mathematical preci- 
sion means perfect circularity-insures an unfailing grip. There's a Truarc 

WALDES 

TRUARC RETAINING RINGS 

WALDES KO HI NO OR INC., LONG ISLAND CITY 1, N. Y. 
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Soft, Flexible, Space - Saving 



Yes, you con be completely comfortable and relaxed wearing a 
Pioneer P3-B Parachute. The new P3-B Pioneer Parachute is soft 
and flexible, yielding to the contours of your body. It occupies 
50% less seating space and is 20% lighter. 

And it can be slipped on as easily and quickly as a flying jacket, 
while you are seated in the plane! Put it on and adjust to perfect 
fit in less than 3 seconds. Simply snap leg and chest straps in 
place — a quick tug — and the harness is adjusted to perfect 
fit, regardless of your size. 

This versatile P3-B 'chute with the new Quick-Fit Harness is 
fool-proof and foul-proof, the latest product of never-ending 
Pioneer research! 



P3-B 



PIONEER 

PARACHUTE 

• 

Automatic Quick-Fit Harness" 
Adjustment in 3 Seconds 


PIONEER PARACHUTE COMPANY, INC. 

MANCHESTER, CONNECTICUT, U. S. A. 


WEST COAST FACTORY BRANCH, 109 SOUTH CENTRAL AVENUE, GLENDALE 4, CALIFORNIA 
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Tolerances can be quite close with American 
Magnesium permanent mold castings; little 
excess metal need be allowed. Add to this ad- 
vantage the fact that magnesium machines at 
very high speeds, taking a fine finish, and your 
production moves along at a great rate. 

Permanent mold castings are suited to large 
quantity production. American Magnesium's 
manufacturing facilities and know-how enable 
us to keep parts coming to you fast. The cost 
per casting is surprisingly low. 


R PRODUCTION 

WITH MAGNESIUM 
PERMANENT MOLD CASTINGS 


Our engineers will gladly help you design 
parts for production as permanent mold cast- 
ings. For this help, and for prices, get in touch 
with the nearby Alcoa office. Or write 
Aluminum Company of America, Sales Agents 
for American Magnesium Products, 1713 Gulf 
Building, Pittsburgh 19, Pennsylvania. 


MAGNESIUM IlyFlY^Kltll PRODUCTS 


AMERICAN MAGNESIUM 

CORPORATION 
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...with Federal's Automatic 
INDUSTRIAL TRUCK BATTERY CHARGER! 

Y ou SAVE TIME and MONEY with the FTR9202-AS battery 
charger. It operates with complete simplicity . . . keeping 
your plant trucks "full powered" and always ready to deliver 
the goods when and where they're needed. 

Automatically operated, this Federal engineered equipment 
provides sure, rapid, unattended charging. It plugs into 
any 105-120 volt, single phase. 60 cycle supply. Charging first 
at a high rate, a temperature compensating relay then re- 
duces the finishing charge to a safe, low rate. 

You'll find the FTR9202-AS Charger (only 25 inches high) 
suitable for floor, wall or bench installation. Built with Federal 
Selenium rectifiers, it is both rugged and efficient . . . giving 
long years of dependable operation, and assuring maximum 
service from your trucking equipment. Write for complete 
description and details. 


Federal Telephone and Radio Corporation 


PLUGS 




B <3 PLUGS 7 

ifxvUz t&e BUCCANEERS' ol 


NATIONAL AIRLINES! 


J^ATIONAL AIRLINES. INC., 
“The Buccaneer Route”, uses 
B<3 spark plugs exclusively in the 
engines of its big DC-4 airliners to 
assure maximum dependability and 
operating economy. 


For efficient and economical op- 
eration, National and most other 
airlines flying Pratt & Whitney en- 
gines, use B<i RB19-R Spark Plugs 
— ceramic insulated — as standard 
equipment. 


THE B<3 CORPORATION 

136 West 52nd St., New York 19, N. Y. 



SERVING 


THROUGH SCIENCE 



UOUi 


AIR KEEPS IT SWEET AND CLEAN! 


Comfort Engineered 
for Sitting and Sleeping 


Maybe Grandma’s old horsehair sofa is a col- 
lector’s gem. But one thing certain ... if it 
were reupholstered with Koylon Foam, it could 
never have that stale, musty odor that conven- 
tional stuffings acquire over the years! 

For Koylon Foam "breathes” air... absorbs 
it in millions of tiny, resilient latex cells — 
releases it on contact with the body. This 
constant recirculation of fresh air through 
Koylon Foam keeps it fresh and clean...rids it 
of the clinging odors of dust and perspiration. 

If you think this is a boon for housewives 
...imagine what Koylon Foam’s cleanliness 
means to hotel, hospital, airliner, train, 
and bus operation! Too, Koylon Foam is 
verminproof. 

Here's another dividend you get along 
with Koylon Foam’s matciiless comfort. It’s 
another reason why we say: If you sell "seats”, 
or "sleep”, better sell Koylon Foam! 


S.” KOYLON FOAM D 


UNITED STATES RUBBER COMPANY 
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DEPENDABLE 



WHENEVER YOU FLY 
WHEREVER YOU FLY 


DEPEND ON. 


DOUGLAS DC-4 
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imp that will be in big demand for postwar 
planes. With its higher pressure range of from 6 to 35 lbs., 
ts 400 gallon per hour capacity at 2500 rpm., and its low weight 
of only 2 % lbs. — It's a winner. 

Built with a balanced type relief valve with shaft seals that 
are dependable through extreme temperature ranges. This pump 
; now in production. 

In writing, kindly refer mm ^ _ _ _ _ 

to type G-9. 

ROMEC PUMP COMPANY 
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is your protection 


Tri-Sure Drum Closures are used in more countries, by more companies 
and for more products than any other closure— proof of their 
acceptance as the best protection for liquids shipped in drums 

Tri-Surc Closures have the endorsement of more experienced shippers 
than any other device ever developed for protecting liquids in metal 
drums and pails. The reason is that Tri- Sure Closures have demonstrated 
all over the world, under every condition, that they arc the most 
completely reliable safeguard against leakage, seepage, pilferage and 
substitution. Tri-Sure leadership is your protection — your assurance 
that you are using the closure that is rated No. 1 in soundness of 
engineering and efficiency of performance. Get this protection in every 
shipment, by specifying “Tri-Surc Closures” in every drum order. 



AMERICAN FLANGE & MANUFACTURING CO. INC., 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
TRI-SURE PRODUCTS LIMITED, ST. CATHARINES, ONTARIO, CANADA 



The 51N-1 is a new single channel ground station receiver, designed 
in the communication laboratories of United Air Lines. Through spe- 
cial arrangement, the Collins Radio Company is manufacturing this 
receiver, for all commercial applications. 

Reflecting the wide experience of United Air Lines, the 51N-1 is 
thoroughly and specifically engineered for airline reception and moni- 
toring on any one channel between 2.S—12.0 me. 

Crystal control provides a very high order of stability. The per- 
formance characteristics exceed the requirements of airline radio 
reception. Simplex operation may be used for control purposes. Noise 
limiter, carrier control, b.f.o., and other special features are available 

For complete information, write to Collins Radio Company, Cedar 
Rapids, Iowa; 11 West 42nd Street, New York 18, N. Y. 

IN RADIO COMMUNICATIONS, IT'S 




Weight: 29 pounds 



1ATI0X, 




Super-Positives 

EEFtlEE the war 
mm the war 
and 


TOML. 


The superlative qualities of U.S. 
Super-Positive Piston Rings 
give dependable support to 
America’s air supremacy... with 
Positive Performance . . . Durability . . . Economy 



Another proof of the fast pace of America’s 
global flying — The Constellation — NewYork 
to Lisbon — 9 hours 58 minutes — 3,425 miles 
at 344 mph . . . fine example of 


When Electrical Contacts 

MUST NOT FAIL... 



The Choice of Experience is 

KESTER r c°re n SOLDER 

Two generations of holding tight in the thousands of 
jobs industry has called on them to do . , . they've 
helped fight two world wars . . . prove Kester Cored 
Solders are ready for the big production job ahead. 

Kester Rosin-Core Solder — the result of 47 years 
specialized experience— is virtually mistake-proof in 
application. The flux, right in the core, is scientifically 
balanced with superior alloys to assure a quick, simple, 
smooth job in one application. The solder bond is 
clean, tight and highly resistant to deterioration due to 
bending or contraction and expansion from tempera- 
ture extremes. The rosin-flux will not harm insulation 
nor cause corrosion. 

Equally outstanding for general work is Kester Acid- 
Core Solder. Both are available in a wide range of 
strand and core sizes, flux and alloy combinations. 
Kester engineers will gladly cooperate with you in the 
selection of a Kester Cored Solder custom made to 
solve any special soldering problem you may have. 
Write fully. No obligation, of course. 


Positive Performance . . . Durability . . . Economy 

Always Specify 
U.S. Super-Positive 
Piston Rings 

II. S. HAMMERED PISTON RING CO., 1. 

STIRLING, NEW JERSEY. U. S. A. 
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ESNA Elastic Stop Nuts have provided 
the protection that lias ntadu them symbols 

gear, which must make smooth contact 
with the ground at HO mph, has been made 
safe with ESNA Elastic Stop Nuts to help 

landing. The full thread contact 


ESNA 


- with the Red Elastic Collar that 
protects permanently against Thread Damage 


TRENCHING 


dL. 


ELASTIC STOP NITS 

§ “ 3 - 
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For EVERY point where fire may start. . . 



Engines? Kidde carbon dioxide systems 
put flames out in a hurry. 

Cabins? Auxiliary equipment? Kidde 
portable extinguishers . . . light-weight 
. . . trigger-operated . . . smother incipient 
fires before they can grow. 

Baggage and cargo compartments? 
Kidde smoke detectors flash a warning 
signal. Kidde systems or portables snuff 
out the blaze. 

It's Kidde. nose to tail, on most of 
America's famous transports. Airlines 
and plane manufacturers interested in 
this overall fire protection are invited to 
discuss their problems with Kidde. 


Walter Kidde & Company, Inc. 
618 Main Street, Belleville 9, N. J. 





Kidde - 
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I ORD has foreseen the great reconditioning program which is under way, 
a in connection with the reconversion of military aircraft for commercial 
use. We are prepared to make prompt deliveries of Lord mountings for use 

Lord has designed and manufactures mountings to flexibly support engines, 
cowling, instruments, and the diverse auxiliary equipment on practically 
every commercial and military plane produced in this country. 

For your requirements of vibration mountings for aircraft, write to Lord — 
Vibration Control Headquarters. 
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f What QUALITIES to you »»t 
in If« »•« 

;J*****2T. 


probably no part of a motor- 
driven product has more influence on the 
design and operation features than the motor 
itself. That is why, in planning for the sharp 
sales competition that is ahead, more and more 
well-known manufacturers are turning to 
Lamb Electric motors. 


Good 

■Performance 

Dependability 

^ight Weight 

Compactness 

■Appearance 

Appeal 



Our 31 years' experience designing and build- 
ing small motors may prove valuable to your 
engineering department. 


THE LAMB ELECTRIC COMPANY 


jfaJS/erfut 

eRt y SPECIAL A PPLICATIO 

FRACTIONAL HORSEPOWE 
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OF THESE TWO TOOLS 

Will Stay On The Job Longer 
and Increase ^0 
V Machine Outputw^g| 
\ bit Month ? 


/ear resistance tor the job. With 
I. production jumped over 100* 
- to 387,000 holes between grinds! 


*nere is WHY one tool 
does a better job... 


Good tool steel is only one oi the answers to getting 
tools that stay on the job longer. 

But to get best possible results, you need more 
than that. 

A tool giving 100% more production isn't just a 
stroke of luck ! The tool room foreman knew what he 
needed for the job. He had found a definite system 
for picking the one tool steel that would do the job 
best. And as the heat treater had complete, easy-to- 
use instructions, they got real results right off the bat ! 


You can do the very same thing, by simply follow- 
ing the steps on the opposite page. Carpenter can 
give you a definite system for quickly finding the 
right tool steel for each job. You'll save time and 
have fewer tools to make. And when you put 
Carpenter's heat treating information to work on 
your jobs, watch the headaches disappear. 

To find the road that leads the way to better tools, 
more output from each machine and press, follow 
the steps on the opposite page. 


THE CARPENTER STEEL COMPANY • 128 W. Bern St., Reading, Pa. 


(^arpenter MATCHED 

BRANCHES AT Chicago, T Art I CTCCI C 

Cincinnati, Cleveland, Detroit, Hartford. Indianapolis, I I I I I I I | | I 

New York, Philadelphia, Providence, St. Louis ■ w w !■ I * ™ ™ ^ 
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Cfet acquainted with the Matched Set Diagram 


These are really Matched Tool Steels, as one picks 
up its job where the other “leaves off." 

The key steel is the one in the center, No. 11 Special, 
a straight carbon, tough timbre, water-hardening 
tool steel. When you have a tool to make, you 
first find out if it can be made from No. 11 Special. 

If the answer is “Yes", you go no further. But when 
the answer is “No", you use the diagram to point 
the way to the tool steel that will do the job. For 
greater wear resistance, you go north. For greater 
hardening accuracy and safety, you move west. 
Just follow the diagram. 



pvt a copy <x£ this Tool Steel Manual 


It carries the Matched Set Diagram one step further. 

In addition to helping you get the most from the 
diagram, this Manual contains an 80-page Tool 
Index and Steel Selector. Just flick the indexed 
pages to find the tool steel recommended for any 
one of more than 200 types of tools! And the Car- 
penter Matched Tool Steel Manual is saving time 
in heat treating departments, too. It gives complete, 
simplified heat treating instructions that protect the 
hours of skilled labor that go into tool making. 

For your free copy of the Matched Tool Steel 
Manual, just drop us a note on your company 
letterhead. 




Q TKa&e uce this Tool Steel Experience a. 

/t 


In your tool room, heat treating department or pro- 
duction shop— here is another way to help get the 
most from every pound of tool steel you use. 


Get in touch with your nearby Carpenter representa- 
tive and let him put his diversified experience to 
work for you. He knows tool steel inside and out, and 
can offer practical suggestions that get problems 
licked faster. Get in touch with him about that 
trouble-shooting job of yours, and he will help you 
get started on the Matched Set Method. 
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W ben History 


Repeats Itself 


KING ARTHUR will have 



no use for Merlin’s magic 
• • not when he can FLY 
about his kingdom 


Bumping off Ihe opposition at o rate of 960 men a day won 
a kingdom for the valiant King Arthur. Relying upon Ihe 
mumbo-jumbo dished up by Merlin the Magician was the 
main reason the kingdom was lost. Today, Merlin would be 
just another unemployed prestidigitator hoping for a week's 
billing at the Palace, because good King Art would rely on 
his Piper Super Cruiser to FLY about his kingdom getting 
first-hand information on how things were going. 


In every type of business where large territories must be 
traversed frequently and swiftly, the dependability and econ- 
omy of air travel is proving itself invaluable. Making travel 
by air even more dependable and economical is a task faced 
by all aircraft designers ... a task made much easier by 
the structural advantages created through strong, yet light- 
weight, OSTUCO Seamless Steel Tubing. The Ohio Seamless 
Tube Company, a pioneer manufacturer of steel tubing, 
contributes experienced craftsmanship, expert research and 
on-time delivery as its share in the continued development 
of all U.S.-built aircraft. 


THE OHIO SEAMLESS TUBE COMPANY 


SALES OffICES, Chic . 

Angeles, Colit.. Suite 200-170 So. Beverly Dr 


i, Civic Opera Bldg., i 


Street; Philadelphia 9, Pa., 


uouri, 1 230 North Main Si.; ........ _ . 


Plant and Main Office 

SHELBY, OHIO 
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PACKAR® 

..O’"" 1 '"" 

iG nition cable 


The reasons for this cable's superiority are no more secret than its remarkable 
performance record under the world’s most adverse flying conditions. An 
outer sheath of tough synthetic rubber over an impregnated inner braid of 
glass yarn provides both greater mechanical strength and greater resistance 
to heat, cold, oil, moisture and corona. You can have Packard high-altitude 
aircraft ignition cable with either a steel or copper conductor . . . but you 
can’t have a better cable for any flying conditions. 
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Johns-Manville Announces 



Johns-Manville 
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Exoa/jsm 7%00/w/n 

to include World’s Largest Research Center for Building 
Materials, Insulations, Packings, and Asbestos Products 



Ground is broken, construction is under way, and the first unit 
if Johns-Manville’s great post-war Research Center will be completed 
this fall. It will be the world's largest Research Center devoted to develop- 
ing, testing and improving building materials, insulations, packings, and 
asbestos products. 

Planned before the war, but postponed till Victory, this Research 
Center will bring together in one giant unit the newest and most com- 
plete research and testing facilities yet devised for these fields. It is the 
first project in a $50,000,000 expansion program which J-M hopes will 
assure 25% greater employment than in its highest peacetime year. 

The Research Center will do a double job. It will study, test and 
improve today's products ... it will develop new products to meet the 
new needs of industry tomorrow. 

It is your laboratory . . . devoted to your problems . . . designed to 
produce more efficient Johns-Manville materials for you! 


Manufacturers of 1200 Products for 
Home and Industry 
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STAINLESS 
STEEL is going places 



and 


SOLAR 


leads the way 


Tough, resistant stainless steel has been 
used for years to combat corrosion and heat . . . 
the one best metal for the purpose. Yet many a 
company has tried to use stainless and has had 
to give it up . . . defeated by inability to shape 
this difficult metal into complex designs. 

Now however, the old engineering nightmare 
of curving and bending stainless sheet has been 
eliminated by development of Solar's exclusive 
Sol-A-Die process. Today Solar can produce 
stainless steel parts, engineered to amazingly 
close tolerances, almost regardless of shape. 

Solar has been the dominant leader since 1931 
in producing intricate stainless steel parts for 
the aviation industry (exhaust systems and 
jet engine parts). Now Solar leads in showing 
how stainless steel can "go places” in solving 
corrosion and heat problems for all industry. 



STAINLESS STEEL 


SOLAR AIRCRAFT CO.. SAN DIEGO 12. CALIFORNIA • DE8 MOINES 5. IOWA • 60 E. 42nd STREET, NEW YORK 17, N. Y. 
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NEW SAFETY LANDING DEVICE 
. . . CAA APPROVED 


Aircraft Devices Co. announces a new 
safety landing device for light planes. It is a 
stabilizer and will permit the pilot, in case 
of an emergency, to land in a short field in 
complete safety! 

With the stabilizer, which works manually 
from the fuselage to the tail, the pilot is able 
to come in at a steeper angle of approach 
without danger of stalling and can apply his 
brakes much more sharply than formerly so 
as to stop in a considerably shorter run. This 
permits the pilot to land where he wants to, 
and eliminates the hazard of trees and tele- 
graph lines which usually block emergency 
landing fields. 


This is a completely new departure in the 
personal [Diane field— is patented and CAA 

FEATURE: The stabilizer does not alter 
the flight characteristics. When not in use, 
you don't know it is in the plane ! 

FEATURE: Inexpensive first cost— simple 
installation — practically no maintenance ! 

FEATURE: Manually controlled — light- 
weight ! 

We urge manufacturers and owners of 
small planes to ask us for full details. 
Write today. 


rfin&uzft T>4vice& 

WINGS FIELD • AMBLER • PENNA. 
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DESIGNER 


v secret Society? 

NILMERG : There's nothing secret about it. I see you using one of those 

derful COLUMBUS Crayon Pencils — therefore I know you are a Noodler. 
DESIGNER: You refer to my practice of noodling up drawings by giving 
them extra brilliance and verve with broad strokes of this thick crayon 

NILMERG: Indubitably. And that's just the pencil for it, too. COLUMBUS 
Colored Crayon has a wax composition with superb adhering qualities for 
broad area- layouts, sketches, renderings, map making, etcetera. 

DESIGNER: Want to know a trade secret? COLUMBUS Crayon makes mi 

feel like a bloomin’ Botticelli. I gel vivid effects that go over swell with 

NILMERG : I have heard many artists, architects, engineers and drafts- 

men express similar sentiments. 

DESIGNER : Little man. yoii are a benefactor to the Knights of the 
Drawing Table. 

NILMERG: Thank you — and when ordering from your Dealer, be 
sure to get the whole COLUMBUS range — red, blue, black, brown, 
orange, white, yellow, vermilion, carmine, purple, green, light green, 
and combination red-and-blue. 



THICK 

COLORED ‘{ciyervfyneifii- 
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Ah-h, your father's pinfeathers! Here I am, barrel- 
rolling calmly in a cirrus, when wham! I’m flat on my 
longitudinal axis. No sooner do I shake the kinks out 
of my tail than wham! I catch his propwash right in 
the beak. 

Not that I object to you amateurs taking over the 
air, you understand. But use a little discretion, will 
you? Leave a little something for us birds! 

Oh, my aching aileron! H’ere he cbmes again.* f 

SINCE 1922 • ICTTIK PLANES FOR tlTTflt F 


aren't as bad as they seem. In fact, brighter days 

Waco. Come this fall, you can see for yourself 
the brilliant new Waco, embodying the best and 
latest aircraft design. So for the best in flying: 
Watch for the new Waco! The Waco Aircraft 
Company, 1 1 6 Peters Avenue, Troy, Ohio, U.S.A. 
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mi Gulf Electro 
Cutting Oil 

we get more production 
per tool grind" 

says this Foreman 



"When we switched to Gulf Electro Cutting Oil, 
we noted an immediate improvement in the over- 
all efficiency of our automatics,” says this Fore- 
man. "We credit this oil particularly for a big 
increase in production per tool grind — it helps 
keep our tools sharp." 

Gulf quality cutting oils can give you a vital 
advantage in machining efficiency that may help 
you make substantial cuts in unit production 


costs. Here’s the important reason: Every Gulf 
cutting oil has specific properties which insure 
better performance on certain types of jobs! 

It will pay you to get the complete story of the 
advantages of Gulf cutting oils. Call in a Gulf 
Lubrication Service Engineer today and let him 
show you how they can help you improve your 
machining practice. Write, wire, or phone your 
nearest Gulf office. 



Gulf Quality Cutting Oils 

Gulf Lasupar Cutting Oils A, B, and C 
Gulf Electro Cutting Oils A, B and C 
Gulf M-L Cutting Oils A, B, and C 
Gulf Cut-Aid 
Gulf Cutx B 

Gulf L. S. Cutting Base A and B 


Gulf Oil Corporation ■ Gulf Refining Company 

Division Soles Offices: 

Boston • New York' • Philadelphia ■ Pittsburgh • Atlanta 
New Orleans - Houston ■ Louisville - Toledo 
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L/neaR moulded packings 

'/s fo 72” inside diameter . . . 


EACH, IN ITS OWN RANGE, AN EFFECTIVE SEAL 

~_~Z 1 ~ T~ 


oW j 

V 

© & 

zz^ 


M 


HOMOGENEOUS TYPE 



FABRIC REINFORCED TYPE 


Linear moulded synthetic rubber seals are normally fur- 
nished in general purpose rubber compounds of excep- 
tionally high quality, which are adapted to a wide range 
of temperatures, pressures and hydraulic fluids. 

They may also be supplied in a number of special com- 
pounds, to meet unusual service requirements. Linear's 
lists of standard sizes are issued for your convenience, 
but these packings can be fabricated to any particular 
dimensions required. 

LINEAR TYPE 1815, V-RING PACKING; manufac- 
tured in standard sizes from >/s" to 15" I. D. 
Recommended for pressures of 0-2000 p.s.i., where an 
exceptionally dry seal is required. 

LINEAR TYPE 1820 & 1866, O-RING PACKING; - 
supplied in standard sizes from ’A" lo 1 5 " 
I. D. Recommended for pressures of 0-1500 p.s.i., where 
installation space is limited or where low cost, simplified 
assembly is a primary consideration. In conjunction with 
Linear type 2575 or 2675 backup rings, O-Rings are 
suitable for hydraulic pressures up to 3000 p.s.i. 

LINEAR TYPE 1825, U-CUP PACKING; available 
in standard sizes from V4" to 3" I. D. Recom- 
mended particularly on installations where extremely low 
frictional drag is required. 


Linear fabric reinforced packings are made in five stand- 
ard styles, each designed for certain operating condi- 
tions. They are designed and proven to give maximum 
service life and will withstand the most rigorous usage 
for unusually long periods. These packings can be pro- 
vided in sizes to meet the individual needs of the user. 
Your inquiries should include a statement of maximum 
pressure, temperature range and the fluid lo be handled. 

LINEAR "PAR" PACKINGS; for larger installations 
beyond the scope of Linear type 1815 packing. 
Recommended for use on heavy industrial equipment, 
involving highest temperatures and pressures and exces- 
sive working tolerances. Linear "Par" packings can be 
supplied in split rings for any diameter up to 72" 

LINEAR PISTON CUPS; recommended for installa- 
tions on pneumatic and hydraulic pistons where 
available space is somewhat limited and long service 
life is of first importance. 

LINEAR FLANGE PACKINGS; recommended for 
installations on piston rods and hydraulic rams 
where space is limited and long life necessary. This type 
of seal is frequently used as a piston rod wiper, where 
rod is likely to be exposed to grit or dirt. 


all O-Rings sold by Linear 




LINEAR Incorporated 

EXECUTIVE OFFICES & FACTORY 
STATE ROAD & LEVICK STREET 
PHILADELPHIA 35, PENNA. 
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INTAVA 

CAN SERVE YOU ABROAD 


To whatever foreign land you may fly passengers or cargo, as an International Air 
Transport Operator, you will find fields offering fast, efficient service with Intava 
Aviation Petroleum Products. 

Intava has been operating on an international scale for many years, supplying 
large airlines, as well as all aircraft, with high-grade aviation fuels, lubricants, and special 
products. This long experience, outside the United States, its possessions and territories, 
has naturally resulted in an intimate knowledge of the widely divergent local 
restrictions and business methods encountered overseas.- 


Intava’s broad experience in the international air transport field is cutting 
expenses and saving time for many airlines today. Whether your business is large 
or small, whether you carry passengers or freight . . . and whatever your 
schedules . . . Intava is ready to serve you. 


"WHAT IS INTAVA?". . . Thr fascinating story of aviation's international 
petroleum service organization is featured in the new, profusely 
illustrated Special Edition of The Intava World. A copy 
will be sent in response to a request on your business or 
personal letterhead, directed to— Department ( A-6), Intava Inc., 

25 Broad Street, New York Jf, N. Y. 



EXPERIENCE 
RELIABILITY • SERVICE 



INTAVA 
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A IRPLANE parts in great variety have been made of Formica 
because it combines a number of qualities that are available 
in no other material. 

It is lighter than aluminum and is as strong as cast iron. It is 
non-absorbent and stable in dimensions under extreme changes 
of humidity. It has a low co-efficient of thermal expansion and 
is unaffected by wide ranges of temperature. It does not cor- 
rode or show surface failure by chemical reaction with the atmos- 

It can be molded, post-formed, machined and can therefore be 
worked by the widest variety of production techniques. 

All over the world under the most extreme range of conditions it 
has performed thousands of functions on airplanes of all types 
and makes. 

THE FORMICA INSULATION COMPANY. 4628 SPRING GROVE AVE.. CINCINNATI 32. OHIO 
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Herbrand 


PRECISION FORGINGS 

Upset or Drop Forged— Any Shape or Size up to 200 lbs. 


In this postwar period of high speed productic 
pays to specify Herbrand. a source of quality foi 

Herbrand provides the latest, most modern fc 
facilities including steam hammers, board han 
forging machines, bending machines, heat tn 




V 


AVIATION, June, 1946 




you/o 6e4Z~ fuiete, to 

7 3 eaceZ*nt& 7 > eA^ozt*ta*tce. f 



AMERICA'S BUILDERS of aircraft look to 
H "Pittsburgh" with complete confidence 

arge their requirements or how complex 


There is no better proof of the toughness, 
durability and long life of Pittsburgh Air- 
craft Finishes than their unsurpassed per- 



In addition to a complete line of aircraft 
finishes Pittsburgh offers a wide variety of 
industrial finishes for every need. Call on 
us fb r enlightening facts and figures. Our 



Pittsburgh 


FINISHES 



AVIATION, June, 1946 



HARRISON 



Harrison Temperature Engineering provides a 
scientific approach to problems of heat dissipation 
and temperaturecontrol in aircraftengine operation. 
Harrison aircraft products meet the varied require- 
ments of commercial, private and military aircraft. 


HARRISON AIRCRAFT HARRISON HARRISON ALUMINUM HARRISON 

OIL COOLERS AND VALVES AIRCRAFT RADIATORS SUPERCHARGER INTERCOOLERS DIVERTER VALVES 


HA R[R^I/SON^ 7%#dcic&- 


HARRISON RADIATOR DIVISION OF GENERAL MOTORS, LOCKPORT, NEW YORK 
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SOMETHING 


A/c 


eu / ON THE NOSE 


OF THE 


M 


ew CULVER 


A new ship by Culver; a new propeller 
bv Sensrnich ... it’s a right combination ! 

Culver’s first post-war presentation 
-the Culver "V”-is now on the line 
warming up for its flight into the 

and right on its nose is the new 

Skyblade — hot off Sensenich’s produc- 
tion linc-to add "pull” to every horse- 


power. It’s the lightweight, two posi- 
tion, controllable pitch propeller with 
performance made by the world’s largest 
manufacturer of wood aircraft pro- 
pellers. Culver is first to specify the 
Skyblade as standard equipment. Other 
models — both controllable and ground 
adjustable — arc approved for other 
aircraft. 
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DESIGNED TO FIT THE 
SPECIFIC NEEDS OF PLANES 
OF EVERY KIND 

From the time when batteries were first 
used in aircraft, Exides have been the 
battery choice of aviation engineers, 
maintenance men, plane builders and 
plane owners. With the result that today 
many American built planes are Exide 
equipped. 

Exide Batteries are supplied in several 
types, designed specifically to meet the 
needs of aircraft in each classification. 
And wherever they are used, Exides 
provide continued proof of dependability, 
long-life, and safety . . . plus maximum 
performance per pound of weight. 

Exide Aircraft Battery Sales and Service 
Organization covers the country from 
coast to coast. 

THE ELECTRIC STORAGE BATTERY CO. 


msm 
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DESIGN and BUILD 
with Mechanical Tubim 




Specify GLOBE for Mechanical Tubing 
of Uniformity and Quality 


G LOBE Seamless Mechanical Tubing is produced by piercing from solid billets 
of steel — there are no seams or welds and it offers important advantages in 
maximum strength with minimum weight and usually requires little machining. 
It is an ideal material for load bearing machine parts where strength with a 
minimum of weight is needed. 

Its economy, compared with solid stock for the manufacture of small machine 
parts, is everywhere recognized. Production costs are substantially reduced be- 
cause it requires little machining. 

The Globe Steel Tubes Co. specializes exclusively in the manufacture of tubing. 
This concentration of facilities provides a dependable source of supply and assures 
a consistently uniform quality of product . . . Globe engineers are at your service 
to assist in the selection of tubing of the exact characteristics you require. 


Testing and inspection of Globe Steel 
Tubes are regular routine. Special 
problems of customers are studied. 


GLOBE STEEL TUBES CO., Milwaukee 4, Wis., U. S. A. 



IfjBlNO 


* Globeiron High Purity 

* Gloweld Welded Slain- 
A Mechanical Tubing 
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what lesson can you learn 
from a mighty 

9 




Perhaps the equipment you make is far removed from 
Lockheed air transports, but the successful solution of 
the application of power demonstrated in these a' 
planes may offer a suggestion to you. Power is tr 
mitted from the engine through an assembly ofPowi 
Units. This assembly drives a generator, cabin super- 
charger, hydraulic pump and other equipment. 

Foote Bros. Power Units provide a positive means 
of applying this power exactly where it is needed. /T. 

These compact units can actuate linear or rotary / ’***' 

motion at remote distances from the operator. They / 

are light in weight— compact in size to fit a confined / * 

space envelope — and can perform continuously or on / P: 

a predetermined time cycle. They may be direct con- 
nected to the power source — operated through a flex- 
ible shaft — or powered by an integral motor. 

Many manufacturers have found that Foote Bros. 

Power Units provide a successful. solution to power 
transmission problems. Their use on the equipment 
you manufacture may mean a better product. Our 
engineers will gladly work with your designers. 

FOOTE BROS. GEAR AND MACHINE CORPORATION • 5225 S. WESTERN BLVD.. CHICAGO 9, II 



FOOTEfBROS. 


A recently issued bulletin on Power 
Units giving complete engineering 
data on "packages of power" will 
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Q uality is the word for Airwing Fab- 
rics and Tapes. For they are manufac- 
tured under the careful supervision of 
experts from cotton through cutting.That’s 
why the Airwing Trade Mark is the mark 
of satisfaction wherever lightweight fab- 
rics and tapes of high tensile strength and 
ease of application are required. 

The Airwing line includes airplane and 
glider fabrics, balloon and special cloths. 
Airwing Tapes come in a complete selec- 
tion— Grade A made from long staple Pima 
cotton, and Lightweight — pinked edge, 
sealedge, biased, and pre-doped. 
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RUGGED, ACCURATE, 
LIGHT-WEIGHT MOTORS 
AND SYSTEMS TO GIVE 
REMOTE MANUAL OR 
AUTOMATIC CONTROL 




MICRO 

CONTROLS 

b 

AIRCRAFT 


This equipment is specially designed and built for aircraft service. 
Note light weights, small sizes, and high torques indicated 
by brief specifications here. Barber-Colman Aircraft Controls 
proved their ability to perform accurately, reliably, and efficiently 
during the war. You can use them now for control of CABIN 
TEMPERATURE . . . ANTI-ICING TEMPERATURE . . . CAR- 
BURETOR AIR TEMPERATURE . .’. CARBURETOR MIX- 
TURE . . . CARBURETOR THROTTLE ... and other similar 


purposes. Write Jor further i 
Colman Controls on 





BARBER-COLMAN COMPANY • ROCKFORD, ILLINOIS, U.S.A. 
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NICKEL A ALLOYS 


There is no need to put up any longer with repeated troubles that can be avoided 
by using INCO Nickel Alloy springs (or corrosive conditions and elevated or 
sub-aero temperatures. 

Now, rustless, high-strength springs can be made of five different Inco Nickel 
Alloys to withstand corrosive attack and temperatures up to 750°F.or even higher. 

And they cost so much less than special alloy springs that it is practical to use 
them for any application where heat, corrosion or fatigue are causing you trouble 
with ordinary spring parts. 



HERE’S A CHANCE TO GET RID OF THE SPRING PROBLEM 
THAT HAS BEEN BOTHERING YOU 

Send for "ANALYZING THE SPRING PROBLEM." When you get 
this simplified worksheet, jot down the data about your spring problem 
and what you want in a spring. The information you supply, plus our 
service records and test data, will enable us to judge which material can 
recommended for your particular service. Then, we will cooperate 


SPRING PROBLEM. 


^The International Nickel Company Inc., 67 wall street, new york 5, n. y. j 


204 


AVIATION, June, 1946 


On The Plane, 

Or In The Shop ... 

PROBLEM: Want to speed production?— need screws that 
vibration won't shake loose? 

(of course you do!) 

ANSWER: 


The Knurled "Unbrako" Socket Head Cap Screw ("A") 
helps speed assembly ... is a fime-and money- saver, 
because its knurled head providos a slip-and fumble-proof 
grip, even for oily fingers, so it can be screwed-in faster 

Ordering the knurled "Unbrako" Socket. Head Cap 

The "Unbrako"' Socket Set Screw with fho Knurled Point 
("B”) is a Self-Lozier, because the knurled point digs-in 
and holds firm — against even the most stubborn vibration! 
Yet, this screw can easily be backed-out with a wrench 

to M/j"; write for the "Unbrako" Catalog. 


PROBLEM: Nuts that won't stay put? 

(are they a headache!) 

ANSWER: 


top locks on a wide range of tolerances. Practically unef- 
fected by hoat to 650"F.^ It can be used ovor and over 

forVulletln , '#582!' 


e. Write 



PROBLEM: Want accurate, precision- made bolts? 


ANSWER: 


The "Unbrako" Internal Wronching Bolt ("C") and 
M>0" Flush-Head Socket BoH ("D") meet the Mtreme 

metallurgical equipment. 


^STANDARD PRESSED 
” STEEL CO. 

JENK1NTOWN. PENNA. BOX 614 


BRANCHES: BOSTON 


CHICAGO 



INDIANAPOLIS 
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Perhaps you are developing a product in 
which hardened and precision ground parts 
will be important. Your requirements may be 
simple or they may demand a high degree 
of accuracy . . . closely controlled hardening 
or carburizing ... or an exceptionally fine 
surface finish such as on the part shown above. 
Meeting such requirements is daily routine 
at Allied. 

Specifications for the part illustrated, as 
an example, called for the use of forged 
AMS-6250 steel, selective carburized and 
hardened. No decarburization was per- 
mitted on any surfaces which were to remain 
soft. Aircraft quality finish without trace of 
tool marks was required. The intricacy of the 


part presented unusual machining problems 
which were quickly overcome by Allied pro- 
duction ingenuity. 

Whether your specifications are simple or 
complex you can be assured Allied's experi- 
ence and skill will save you time and money. 
Send us your prints; we will submit quota- 
tions promptly. 


ALLIED l'KODUCI 
CO II PO RATIO 

DEPARTMENT 6-A 


4614 LAWTON AVENUE 
DETROIT 8, MICHIGAN 



J SPECIAL COLD FORGED PARTS • STANDARD CAP SCREWS • HARDENED AND 
I PRECISION GROUND PARTS • SHEET METAL DIES FROM THE LARGEST TO 
I THE SMALLEST • JIGS • FIXTURES • STEAM-HEATED PLASTIC MOLDS • SPECIAL 
( PRODUCTION TOOLS • R-B INTERCHANGEABLE PUNCHES AND DIES • DIE 



Eog 
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Millions Used for 
Hundreds of Uses 


Complete 
Installation in Seconds 


I Drill ONE Hole 


2 Insert LOK-SKRU 


GOVRO-NELSON CO. 



10/32 machine »crew, provides 


4 Screw, 

by tension grip. 

Disassembled LOK-SKRU with M 





w for attachments 





TOnOe fan '?oldvi 

Handy information on tho many uses and ap- 
plication oi Loh-Skrus^in airplano construction 

THE DILL MANUFACTURING CO. 

FACTORY BRANCH 

700 East 82nd St. 1 Oil S. Flower St. 
CLEVELAND, OHIO LOS ANGELES, CAUF. | 


DILL Aak-Sfow- 


Triple Duty Fastener 

RIVET ■ ANCHOR NUT ■ SCREW LOCK 



FITZGERALD 

GASKETS 

FOR AIRCRAFT ENGINES 

GASKET CRAFTSMEN FOR 40 YEARS 
Write for information 

FITZGERALD MANUFACTURING COMPANY 

TORRINGTON, CONN. 

BRANCHES CHICAGO AND LOS ANGELES 
CANADIAN FITZGERALD, LTD., TORONTO 


FITZGERALD 

\f;: GASKETS 
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Callite tungsten contacts ^ 


The Eisemann heavy duty magneto RC-2Q is used on 
farm tractors and equipment, bulldozers and scrapers, 
and industrial engines. It is built for constant use and 
for extremes in temperature and operating conditions. 

For many years, Callite has supplied the Eisemann Cor- 
poration with tungsten breaker points and other tungsten 
parts. The use of the C-T tungsten contacts and screws 
has contributed greatly to the continued successful per- 
formance of the RC-2Q breaker and breaker lever. 


in this Eisemann Magneto 


SPARK TRACTOR MOTORS 


TOR THE POWER TO POLL.. 


For such applications, Callite tungsten is a 
tact material. Along with high density, good conductivity, 
it is also highly resistant to oxidation 
vapors. Callite tungsten contacts are 
available in rivet, screw or welding types. 



IRVIN '■Chair Chute- protection ' 


IRVING AIR C HUTE CO., INC. 

Main Office: 1070 Jefferson Ave., Buffalo », IV. V. 


CetHf,, (1500 Flower St.), .tad Lexington, Ky,, 
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Changed your 

ADDRESS? 

Let us know so that we 
can keep copies of Avia- 
tion coming promptly. 



Preferred as a Source of Washers 


Many special and standard 
die sizes carried in stock. 
Write hr literature 


WHITEHEAD STAMPING CO. 

* 1465 W. Lafayette Blvd., Detroit 16, Michigan 


WHERE TO BUY , 



AVIAT] 






AVIATION'S MARKET PLACE 



AIRCRAFT ACCESSORIES AND INSTRUMENTS 




STANDARD AIRCRAFT EQUIPMENT CO. 


AIRCRAFT 

lllili 

WANTED 



al.ly. Ploaso answer and give all es- 
senlial dotaili in lint Inner. 

A V 1 ationo ict iof^CSy 


POSITIONS VACANT 

JUDES 


mi 

Roosevelt Field, l. 1. 

EXPERIMENTAL WORK 
MODIFICATIONS 

PAN AMERICAN 


■mm 

Wood & Metal Airplane Parts 


&°t2& ffr.ff’wssrcffi 

1 Professional 

MILITARY RELEASE 


Services 

S 35S. « 


kass inc - 

gsr s 

mmm i 


SkS?“ ..H 

OF 

PURCHASING 


ALLIED AIRCRAFT CO. 

ilslH 


Watch— 


431 MflflKET STREET • CAMDEN, N. I 

for "OPPORTUNITY” 
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War Assets Administration 

OFFICES LISTED BELOW ARE TEMPORARILY IN 
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They’re cutting operating costs all along the line 


Economy of operation is an inherent feature of Torring- 
ton Needle Bearings, and it shows up in the form of 
measurable cost savings all down the line. . . ; 

In power costs The tremendous radial capacity of 

Needle Bearings, combined with their low coefficient 
of friction and equalized load distribution at operating 
speeds, assures minimum starting and running friction 
t . . less power consumption. 

In lubrication costs The close-fitting, turned-in lips 

of the hardened outer shell form a reservoir to retain 
the lubricant and distribute it evenly over all of the 
bearing surfaces. Thus, less frequent lubrication and 
maintenance are required, and bearing wear is reduced 
to the vanishing point. 

In servicing or replacement costs . . ; Needle Bearings 


also contribute marked economies. They never seem to 
need attention, seldom if ever is a replacement required. 
This is due directly to their design, high load capacity 
and efficient lubrication. 

In your own industry, compact, low-cost Torrington 
Needle Bearings have solved innumerable friction 
problems. Our Catalog 32, copy of which is available 
upon request, will give you a comprehensive picture of 
Needle Bearing advantages as applied to the machines 
you design, build or operate. 


THE TORRINGTON COMPANY 

TORRINGTON, CONN. SOUTH BEND 21, IND. 


TORRINGTON NEEDLE BEARINGS 
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INDEPENDENT INVESTIGATOR'S STUDY SHOWS 



PHILLI PS SCREWS 

Wood Screws • Machine Screws • Self-tapping Screws • Stove Bolts 
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LEATHER 




m ° n | aPP lica,ionS 

me chan.cal op P 


gaskets and washers 


_. rv - is leather best 
made from Sir 


- resistance to P^- 

• t : ve seating- reslS 
need for P oslt ' 


PRODUCED 
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Simplify 
Remote Indicating Problems 





That Pioneer* Magnesyns* provide today’s most satisfactory 
form of remote indication is clearly shown by the fact that 
these small, lightweight units are standard equipment on 
all major airlines. Ruggedly constructed, they can be 
mounted solidly to the engine thereby eliminating the need 
for shock mounting. 

Since they transmit their indications electrically they avoid 
the use of complicated flexible lines, thus saving weight 
and space. Cold weather operational difficulties are also 
eliminated — installation is very simple, and quick changing 
of either transmitter or indicator is possible. Find out more 
about how these instruments can save weight and space 
in your designs. 

*REG. U. S. PAT. OFF. 


ECUPSE PIONEER DIVISION 

Division of 

Bendix Aviation Corporation 
TETERBORO, NEW JERSEY 
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